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ABSTRACT
TITLE : CHARACTERISTICS OF DRUG DELIVERY BY USING IMPACT DRIVEN
METHOD JET IN SWINE
AUTHOR : KAMONCHANOK URA
DEGREE : MASTER OF ENGINEERING
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASST. PROF. WIRAPAN SEEHANAM, Ph.D.
KEYWORDS : JET, IMPACT PRESSURE, PENETRATION DEPTH, SWINE

The purpose of this research is to study the drug delivery characteristics of using
highspeed liquid jet that was created from the impact driven method in swine.
Experimental devices are designed with the nozzle orifice sizes of 0.2 and 0.3 mm. The
devices can store liquid sizes of 0.2 and 0.5 ml. The experiment was performed by
changing the springs of various stiffness values according to the sizes of the wire of
0.019 N/mm, 0.039 N/mm, 0.058 N/mm and 0.078 N/m. The results revealed that the
impact pressure being injected from the nozzle was in the range of 26.69 - 149.65 MPa.
The pressure profiles were multiple pulse. The penetration depth was 2.61 - 52.72 mm.
The dispersion pattern was a straight line, down to the tissue layers that is similar in all
cases. Examination of the tissue damage revealed that the jet caused less damage than
a needle injection. The results from this study confirm that the pressure of the jet is
suitable for drug delivery through the swine tissue. The device, however, requires

further development to be more efficient.
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ABSTRACT
TITLE : A VISCOELASTIC MODEL OF LIGAMENTS AND TENDONS IN THE
GROWTH AGES
AUTHOR . JIRAPA LUAGNAREE
DEGREE : MASTER OF ENGINEERING
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASST. PROF. RATCHADA SOPAKAYANG, Ph.D.
KEYWORDS : LIGAMENTS AND TENDONS, VISCOELASTIC MODEL, GROWTH AGES

This research aims to study and understand the structural changes of ligaments
and tendons in the growth ages. Therefore, a new viscoelastic model was formulated
to mimic the ligaments and tendons’ structural changes during different ages. When
mimicking the physiology of the structural changes, some collagen fibrils would
gradually become active while some would gradually start to fail under the tension.
The exponential distribution functions were presented in order to describe the
distribution of the number of the active and broken fibrils. When the ligaments and
tendons are older, the cross sectional area of the fibrils would be larger and stronger.
The increase of the fibrils’ cross sectional area was proportional to the age of the
ligaments and tendons as an exponential function. By assuming the values of
parameters in the model, the formulated model could well describe the mechanical
behavior of ligaments and tendons in different ages under tension and stress relaxation
phenomena. The calculation results obtained from the model were consistent with the
experimental results from the published papers. However, in order to obtain the
appropriate parameters to predict the mechanical behavior of the tendons at different
ages, appropriate methods for determining the model parameters should be clarified.
The contribution of the work can be applied to improve the quality of materials to
replace ligaments and tendons. Moreover, it can help prevent the damage in ligaments

and tendons at different ages
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ABSTRACT
TITLE : DEVELOPMENT OF A SMALL POROUS BURNER
AUTHOR : PAILIN NAWCHAMPA
DEGREE : MASTER OF ENGINEERING
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASSOC. PROF. THANARATH SRIVEERAKUL, Ph.D.
KEYWORDS : POROUS BURNER, POLY-ETHYLENE TANK FORMING PROCESS,

DIFFUSION FLAME

This thesis is a parametric study of the working conditions, combustion
characteristics including temperature, and physical characteristics of the free flame jet
and impinging flame jet. The heat transfer on impinge surface, the environmental
impact of a conventional burner (Model A) used in the forming process of a PE Plastic
water tank, and a small porous burner were also investigated. The small porous burner
was developed from a conventional LPG-diffusion flame burner that supplied ceramic
balls as porous material.

In the case of free flame experiments, the porosity of the porous burners was
adjusted to 4 different types: Model B, C, D, and E (corresponding to € = 0.4398, 0.4776,
0.4907, and 0.5790, respectively). The LPG released pressure varied in the range of 0.2
- 2.2 bar. Temperature distributions along the flame length were measured by using
thermocouple N-type probes and were recorded with a data logger. It was found that
the flame length tended to increase with the increase of LPG pressure. The flame
length of porous burner was longer than the conventional burner at all LPG pressures.
At the LPG pressure of 1 bar, the conventional burner (Model A) provided the maximum
flame temperature of 929.3 ° C at 50 mm from the burner exit while the Model E-
porous burner provided the maximum temperature equal to 917.9 ° C at 200 mm from
the exit of the burner. Porosity and LPG pressure were found to significantly affect the
increase and distribution of the flame temperature. The higher the porosity and the

LPG pressure were, the higher maximum flame temperature and the longer flame
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length were obtained. From the free flame investigation, it can be concluded that the
Model E-porous burner had the best temperature distribution.

In the case of impinging flame on mold steel, comparisons of the flame
characteristics, temperature distributions, and surface heat transfers between the
conventional burner (Model A) and the porous burner (Model E) were investigated. LPG
pressure was varied in the range of 0.6 - 2.2 bar. The 3 impinging distances (L, the
distance between the burner exit and the steel plate) were adjusted (7, 10 and 13 cm.).
The surface temperatures at the front and the back of the plate were measured using
thermocouple N-type. The emissions (including CO, and NOx) were measured by using
a flue gas analyzer. The temperature at the center of the steel plate, when using Model
A-burner, tended to decrease with the increase of impinging distance (L). For Model E-
burner, the temperature at the center of the steel plate tended to increase with the
increase of L. At higher pressures, the temperature distribution on the steel plate in the
case of Model E-burner was improved. It was found that, Model E- burner provided
better temperature distribution on the steel plate compared to the Model A-burner for
every LPG pressure. At LPG pressure of 1 bar and impinge distance (L) of 7 cm, average
heat flux on impinge surface obtained for Model A and E burners were 457.0 and 558.3
kW/m?, respectively. When the Model E-burner was applied in the actual process (P =
1 bar), it was found that at an impinge distance of 10 cm, the number of the burners
can be reduced. The percentage of fuel saving (per work piece) at 14.68% was the
result. When modifying the porous burner to produce a larger flame exit (Model F), the
temperature at the center of the steel plate was higher than Model A and E. At LPG
pressure of 1 bar and impinge distance of 7 cm, Model A, E, and F burners provided
the temperature at the center of the steel plate equal to 338.8 246.2 and 419.0 ° C,
respectively. The emissions from the porous burners at LPG pressure of 1 bar (the
actual operating pressure in the process) were found to be lower than the conventional

burner.
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npUsasAiaLUSauLisungfnssunisinluvesniUsendauianinisiva
WUUYYWIY SB-10 AutmUsendauia S-10 wuuasau adgdsnaransvadluaidaruin
(Computational Fluid Dynamics, CFD) A18n1531803WUU 3 TATIUAUNITNAa8Y 1AgLaN

a

SB-10 Aaln S-10 fignususmiBeauazpmuuILTesgneenuaaA iUl 6 wag 7 9L
ua 72°uay 0° LHuyw 26° uay 15° muddu antudvinaresauduresufausaiidse
wAnssunsElngiuoamn S-10 uaz SB-10 azgneSuteuazyiinsiUieuliiou demginssu
mswnlndizgnuansraluglvennmesanusuasuaudaamgl n1sdnasszgniudung
funmnaesiemstaausesesvauargumninisulud uenanidsinuieude
Usgdnarmdaainuioulazuaiivvadni S-10 kag SB-10 8neag 31NNISANYT WU
amnuwesedlvanaznisnszatefvesgungiinisilusifidumiseing q veamildain
wuudrassnaznsnaassiimanuaenndestulasiammaainadeulsiiuiesay 8.77 uaz
8.84 iiloifisunaniuiiuazgumagifunismaass audify wuusaesiiadisduanunga
ofunemgAnssunsivauarmanvivean S-10 uay SB-10 Idegetaan waziderudy
99 LPG \ingstu arunimasufadou gumpininan il uasAmidndaudousiuazien
a9ty Beflengeaninty 26.6 m/s, 1,493.70 K, 4.20 kW dwi¥uinn S-10 wagdlawintu 28.1
m/s, 1,393 K, 4.84 KW d115U 191 SB-10 fiaudiu LPG wiifu 30 psi Tnednarulneuiaves
CO Tr1gegainfiu 0.0099 uag 0.0089 #1151 S-10 waz SB-10 muady wiogslsiniy
UszAndnimdsaudeuronmiiaesasiidiandias ilenuduves LPG faufiutu
UsganSamidsanufouvesm SB-10 fidgeninen s-10 iynanudu lasiidngignissas

29.20 uay 28.57 auaeu TnefiuSunas CO vauan SB-10 dAtesningn S-10 FeiluSuna
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g9gavinfiu 308 ppm Wag 284 ppm fuEIRU TuraizmmMsaesiusunas NO, liiu 60 ppm
wana i Sanudn Useansarwan (Bumer efficiency, n,) 91n1n1531889078 CFD Lay

Usednsnimdsainusou (Thermal efficiency, 7,) 31NN1TNAADIYBINAB AT LUILTY

=

AnudenAdesiy Ingin SB-10 fUszAnSnmaIgeninm S-10 wdeesay 1.36 luvaid
Usgdnsnmidannuieugninadeiesas 0.83 (Wesldunsuszudandsnuiniusesas
3.26) waziiloAnsnandusenineUszAnsnmmdeUsyansamdsauieuadenuii fid
Winfu 1.63 fadu wuusiaeves CFD uazdszansaiman (Bumer efficiency, i, ) 39484
dandmdanandisiu aunsoiluussgndlfiiiesenuuunazyiuysaseansamdeaniy

SouvoumUsendauiia S-10 wazenlugduuudu 4 Wawuseldlalueuan
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ABSTRACT

TITLE : THE STUDY OF COMBUSTION BEHAVIOR OF GAS-SAVING BURNER S-
10 WITH SWIRLING FLOW USING COMPUTATIONAL FLUID
DYNAMICS

AUTHOR : PHATTHARAWAN CHIMCHOM

DEGREE : MASTER OF ENGINEERING

MAJOR : MECHANICAL ENGINEERING

ADVISOR : ASSOC. PROF. ANIRUT MATTHUJAK; Ph.D.

KEYWORDS : GAS-SAVING BURNER S-10, LPG, FLOW BEHAVIOR, COMBUSTION

BEHAVIOR, COMPUTATIONAL FLUID DYNAMICS

The objective of this research is to compare the combustion behavior of a swirling
gas-saving burner SB-10 and a conventional gas-saving burner S-10 by using
computational fluid dynamics (CFD) with a 3D-model simulation and experiments. The
SB-10 was modified from the S-10 burner model. Its inclination angle and swirl angle
at 6™ and 7" row of port burners were adjusted from 72°and 0° to 26° and 15°,
respectively. The effect of LPG pressure on the combustion behaviors of S-10 and SB-
10 burners was described and compared. The combustion behavior was revealed
through a velocity vector and temperature contour. The simulation results were verified
with experimental results by measuring the flow velocity and combustion temperature.
In addition, the thermal efficiency and emission of S-10 and SB-10 burners were
compared. From the study, it was found that the CFD and the experimental results
were coherent. When comparing the velocity and temperature measurement, their
errors were less than 8.77% and 8.84%, respectively. The fluid flow and combustion
behaviors of S-10 and SB-10 burners can be obviously described by this CFD model.
When LPG pressure increased, hot gas velocity, the combustion temperature, and total
hear flux also increased. At the LPG pressure of 30 psi, their maximum values were at
26.6 m/s, 1,493.70 K, and 4.20 kW for the S-10 burner and 28.1 m/s, 1,393 K, and 4.84
kW for the SB-10 burner, respectively. The maximum mass fraction of CO of S-10 and

SB-10 were 0.0099 and 0.0089, respectively. However, thermal efficiencies of both
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burners decreased, when LPG pressure increased. The thermal efficiency of SB-10 was
higher than that of S-10, which were 29.20% and 28.57%, respectively. The CO of SB-
10 burner was less than S-10 burner. The maximum CO of S-10 and SB-10 burners were
308 ppm and 284 ppm, respectively. NO, of both burners were not over 60 ppm.
Moreover, it was found that burner efficiency (7,) obtained from CFD and thermal
efficiency (7,,) obtained from the experiment of both burners tended to be coherent.
The burner efficiency of SB-10 burner was higher than that of S-10 burner around 1.36%
on average, while its thermal efficiency was higher around 0.83 on average (%Energy
saving was about 3.26%). The ratio between the burner efficiency and the thermal
efficiency was at 1.63. Therefore, the CFD model, burner efficiency, and the proposed
ratio can be applied to design and improve the thermal efficiency of S-10 burner or

other types of burners in the future.
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ABSTRACT
TITLE : COMPARISON ON DRUG DELIVERY CHARACTERISTICS OF JET
INJECTION FROM GAS AND SPRING DEVICES
AUTHOR : PHONTREE WONGPRASAN
DEGREE : MASTER OF ENGINEERING
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASSOC. PROF. KULACHATE PIANTHONG, Ph.D.
KEYWORDS : HIGH-SPEED WATER JET, IMPACT DRIVEN METHOD, PVDF, JET

IMPACT

Presently, a needle-free jet injection device has been developed with a new
concept of jet generation called “impact driven method (IDM).” From the preliminary
study, this device gave a better jet injection drug delivery performance. This research
is to compare the characteristics and the impact pressure of the high-speed liquid jet
which is generated based on the principle of Impact Driven Method (IDM) for the
application of drug delivery through skins. The high speed liquid jet was generated from
the IDM needle free- jet injection device with the use of springs and gas as the power
sources. The projectile momentum of around 0.3 - 1.0 MPa was used with the nozzle
at 0.2 and 0.3 of orifice diameter and volume of 0.2 and 0.5 ml. The skin damage after
injection was investigated by the Scanning Electron Microscope. It was found that the
device generated the maximum impact pressure of around 5 — 90 MPa. These increased
when the momentum of the projectile increased and the volume of the nozzle
container decreased. The impact pressure profiles were found highly fluctuated
resulting from the pulsing characteristics during the injection. These phenomena were
clearly seen with devices that used gas rather than a spring as power. Pulse
characteristics enhanced the jet efficiency due to the better penetration and dispersion
of the drugs into the tissue target. In summary, for the drug delivery, the gas-powered
device provided better and appropriate characteristics of jet delivery that than of the

jet powered by the spring.
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ABSTRACT

TITLE : DEVELOPMENT OF AN ACTIVE POWER FACTOR CORRECTION (APFC)
FOR THE THREE-PHASE RECTIFIER SYSTEM USING THREE-LEVEL
CONVERTERS

AUTHOR : KOTCHAKORN SIRIPHAN

DEGREE : MASTER OF ENGINEERING

MAJOR : ELECTRICAL ENGINEERING

ADVISOR : PRACHA KHAMPHAKDI, Ph.D.

KEYWORDS : VIENNA RECTIFIER, CURRENT CONTROL, CENTER-ALIGNED SPACE
VECTOR PWM

Air conditioners have been growing drastically in its popularity nowadays. One of
the most widely-used technologies in an air conditioning system is an inverter that
functions as a regulator of a compressor motor. Moreover, since there is a rectifier
circuit inside the system, it is possible that the value of the total harmonics distortion
(THD) is higher than the limit of IEC/EN 61000-3-2 standard and can cause a decrease
of power factor value.

The proper three-phase rectifier circuit used to lower harmonic distortion and
better power factor is an active power factor correction (APFC) system. However, to
make it applicable, it is essential to have a control method and a modulation method
in the operation. The control methods can be either 1) a current control or 2) a direct
power control, while the modulation method can be a 1) carrier-based phase-shift
PWM, 2) carrier-based level-shift PWM or 3) center-aligned space vector PWM.

According to a test of active PFC vienna rectifier type circuit with 1.3 kW load motor
by applying a current control as the control method and center-aligned space vector
PWM as a modulation method, it was found that the total harmonics distortion was
reduced to 1.550% which fell exactly among the harmonics standard IEC/EN 61000-3-
2 values. Furthermore, the power factor was increased to 0.9997 with 96% of the circuit
efficiency. In addition, DC-link voltage could be regulated at 500V with the ripple 0.6%

at an acceptable value.
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ABSTRACT

TITLE : PLANNING AND OPERATING PUMPED HYDRO STORAGE WITH
CONSIDER ACTIVE OF GENERATED POWER FROM RENEWABLE
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RENEWABLE ENERGY, OPERATION POWER SYSTEM

The impact of a high penetration level from fluctuating generations from
renewable energy requires an additional methodology to improve the planning and
operation of a power system for sustainable development in an energy sector. This
thesis studied operational strategies of a pumped hydro storage plant in a power
system considering the electricity generations from renewable energy. The overall
framework used a unit commitment with a system marginal cost as a guide to operate
the pumped hydro storage plant. The power plants consisted of 10 thermal power
plants, a solar power plant, a wind power plant and a pumped hydro storage plant.
The obtained results showed that the fluctuating power generations from renewable
energy has an impact on the unit commitment and the operational strategy of the

pumped hydro storage plant.
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CLUSTERING AND A GENETIC ALGORITHM
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MAJOR : ELECTRICAL ENGINEERING
ADVISOR : ASST. PROF. ATIPONG SURIYA, Ph.D.
KEYWORDS : PASSIVE OPTICAL NETWORK;, SPLITTER, GENETIC ALGORITHM,

K-MEAN CLUSTER

This thesis presents a design of a passive optical network using k-mean clustering
and a genetic algorithm. The main objective was to find the minimum implementation
cost by applying k-mean clustering to divide customers into separate clusters and a
genetic algorithm to identify the optimal locations of splitter installation. The
simulation was developed by MATLAB considering important system parameters; i.e.,
distances of installed optical fibers, the number of splitters, splitting ratio, and losses
in the system. Moreover, the simulation and comparison among different network
topologies including star topology, ring topology and spanning tree topology were
accomplished under the requirement in which losses between the central office and
customers’ homes are not exceeding 25 dB. This simulation will be beneficial for
network design and planning to support the increasing number of future customers in
the service area.

The simulation was performed under the actual home locations of 1,000
customers located in Ubon Ratchathani City Municipality occupying 14.36 x 14.42
square kilometers. Three network topologies and five different numbers of clusters; i.e.,
30, 40, 50, 60, 70 clusters were also considered. The results of the first topology, the
star topology, revealed the implementation costs of 21.035, 21.082, 21.149, 21.203,
21.222 million Thai Baht and the losses of 18.02,17.62,17.48,17.41,17.20 dB,
respectively. The results of the second topology, the ring topology, revealed the

implementation costs of 2.619, 2.713, 2.767, 2.869, 2.886 million Thai Baht and the
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losses of 30.26, 34.56, 36.31, 41.91, 44.54 dB, respectively. Finally, the results of the
third topology, the spanning tree topology, revealed the implementation cost of 2.577,
2.752, 3.033, 3.168, 3.192 million Thai Baht and the losses of 16.19, 16.1888, 16.25,
15.59, 14.79 dB, respectively.

From the aforementioned results, the spanning tree topology tends to result in
the least implementation cost; therefore, further investigation in more detail was also
accomplished. It can be found that the spanning tree topology with 34 clusters of
customers showed the least implementation cost of 2.665 million Thai Baht with the
loss of 16.28 dB. Moreover, the proposed method using k-mean clustering and a genetic
algorithm was able to reduce the implementation cost of approximately 28.14 %
compared to the current installation method. The proposed method can cover all
service areas of 1,000 customers with a loss of less than 25 dB. The operator is,
therefore, able to service customers effectively with stable transmission. Moreover,

some system margin is also sufficient for future customers in the service area.
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ABSTRACT
TITLE : COMPARISON OF STRENGTHENING METHODS OF CONCRETE
BRIDGE COLUMNS UNDER CYCLIC LOAD
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MAJOR : CIVIL ENGINEERING
ADVISOR : ASSOC. PROF. KITTISAK KUNTIYAWICHAI, Ph.D
KEYWORD : CONCRETE BRIDGE COLUMN STRENGTHENING, FINITE ELEMENT

METHOD, CYCLIC LOAD

The objective of this research was to compare the strengthening methods on the
efficiency of columns under cyclic load using the finite element technique. First, the
model validation was carried out by comparing test results obtained from literature on
reinforced concrete bridge columns with the cross section of the square columns of
0.4 meters, width of 0.4 meters and height of 1.35 meters, 16 strands of deformed bar
of longitudinal reinforcing steel with a diameter of 13 mm., diameter of 6 mm. and
spaced every 50 mm. across the column. When the analysis results with the finite
element model were consistent with the results of the laboratory tests, the
aforementioned model was used to adjust the cross-sectional reinforcing distance to
form a normal column. After that, the power of column strengthening was reinforced
in 4 forms including concrete jacketing, steel jacketing, CFRP strengthening, and
reducing stirrup spacing. From the strengthening of columns, it was found that the
lateral resistibility of columns increased. In addition, the different strengthening
methods resulted in a different lateral resistibility arranged in a descending order as
steel jacketing, CFRP strengthening, reinforced concrete jacketing and reducing stirrup
spacing, respectively. Strengthening by steel jacketing showed the highest increase of

lateral resistibility about 61.35%.
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MIKE 11

Lamdom Yai Basin is a sub-basin of the Mun River Basin. The lowland area at the
downstream of the basin is frequently flooded. The analysis of flood in Lamdom Yai
Basin at Lamdom Yai Dam area is needed. The objective of this study was to determine
the flood routing at the upstream and the downstream of the dam. The 2013 severe
flood situation was used as the base case to determine the effect of Lamdom Yai Dam
on the flooding in the area. The flood maps with the return periods of 2, 5, 10, 25 and
100 years were created using the 1-Dimensional flood model together with the Flood
Channel techniques on MIKE11 model.

It was found that the maximum flood water level in the base case was +115.25
m.msl in both cases with and without Lamdom Yai Dam. The flood water level was up
to 325 m. (+112.00 m.msl.) above the river bank. The study results indicated that
Lamdom Yai Dam had no influence on the flooding in the area. The proposed flood
control gate in Huai Kao Sarn tributary was also ineffective in flood mitigation. In
addition, the flood area varied with the flood return periods. For the flood return period
of 2 years, the most flood risk areas were forest areas followed by agricultural areas,
miscellaneous spaces, and urban and community areas, respectively. For the flood
return periods of 5, 10, 25 and 100 years, the most vulnerable areas to flooding were

the agricultural areas.
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ABSTRACT
TITLE : BEHAVIOR OF BEAM-TO-COLUMN CONNECTION OF CELLULAR
BEAMS UNDER CYCLIC LOAD
AUTHOR : ADISAK KOKKAEW
DEGREE : MASTER OF ENGINEERING
MAJOR : CIVIL ENGINEERING
ADVISOR : ASSOC. PROF. KITTISAK  KUNTIYAWICHAI, Ph.D.
KEYWORD : BEAM-TO-COLUMN CONNECTION, CELLULAR BEAM, FINITE

ELEMENT, CONNECTION STRENGTHENING

The objective of this research was to study the behavior of beam-to-column
connection of cellular beams under cyclic load using the finite element method. The
parameters considered in this study were the strengthening method and the reduced
beam section method. At first, the model validation was carried out by comparing it
with the test results obtained from literatures. The comparison of the test results
showed good agreement with 5.4 % of differences. After that, the FE analyses of 6
different models were investigated including 1) Regular beam-to-column connection
(model 1), 2) Regular beam-to-column connection with reduced beam section (model
2 RBS), 3) Beam-to-column connection with strengthening 2 positions at column web
(model 3), 4) Beam-to-column connection strengthening 2 positions at column web
with a reduced beam section (model 4 RBS), 5) Beam-to-column connection
strengthening 3 positions at column web (model 5) and 6) Beam-to-column connection
strengthening 3 positions at column web with reduce beam section (model 6 RBS). The
results showed that strengthening at the column web enhanced the moment capacity
of connections between 16-20 %. By comparing the location of Max Von Mises stress
between 2 and 3 positions column web strengthening, it occurred at the column web
and the first hole of cellular beam, respectively. Moreover, the reduced beam section
method has no significant effect on the beam-to-column behavior. Therefore, it can be
concluded that the strengthening at the column web enhances the moment capacity

of the beam-to-column connection.
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ABSTRACT
TITLE : TREATMENT OF DOMESTIC WASTEWATER USING GREEN
MICOALGAE CHOLOCOCCUM HUMICOLA
AUTHOR : NAKON THAINGPAKDEE
DEGREE : MASTER OF ENGINEERING
MAJOR : ENVIRONMENTAL ENGNEERING
ADVISOR : ASST. PROF. CHATCHAI KUNYAWUT, Ph.D.
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PHOTOBIOREACTOR

Culture of microalgae is an environmentally friendly way to treat community
wastewater. The total nitrogen (TN) and phosphorus (TP) compounds in the wastewater
and CO, in the air will be assimilated by microalgae in photosynthesis. The objectives
of this research were to determine the optimum initial cell density, gsrowth kinetic
parameters, and removal efficiency of TN and TP of synthetic domestic wastewater
with  Chlorococcum humicola. The synthetic wastewater used had the same
compounds as the secondary treatment domestic wastewater. The results obtained

from batch cultivation in a 500 ml conical flask revealed that the optimum OD was 0.3

(5.88x10° % 0.29x10° cell/mL). TN and TP remaining in the synthetic wastewater were
complied with the disposal wastewater standard within 6 days with the highest x4 of
0.237 day™. The estimated parameters of the logistic growth model ( 4, ) were 0.263,
0.655 and 0.625 day™ for the OD of 0.1, 0.3 and 0.5, respectively. The predicted results
for the growth of the microalgae were close to the experimental results only for the
case with the higher initial OD of 0.3 and 0.5. However, the TN and TP consumption
results predicted by the Luedeking-Piret-Like equation were unsatisfactory compared
to those obtained from the experiments. Under BCPBR batch cultivation, the removal
efficiencies of TN and TP on the 6™ day were 63.60 and 85.60 %, respectively. While

the average removal efficiencies of TN and TP for the semi-continuous condition were

56.00 £ 0.14 and 83.20 = 0.51 %, respectively. Moreover, the average parameters of

1, Poera and Pg obtained from both culture conditions were slightly different. Thus,
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the increase of wastewater treatment capacity could be performed by the semi-

continuous conditions.
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ABSTRACT
TITLE : ADSORPTION OF MANGANESE(II) USING COMPOSITE PECTIN FILMS
FROM DRAGON FRUIT PEEL (HYLOCERCUS UNDATUS)
AUTHOR : NUTTHAKAN POOMAI
DEGREE : MASTER OF ENGINEERING
MAJOR : ENVIRONMENTAL ENGINEERING
ADVISOR : ASSOC. PROF. CHAKKRIT UMPUCH, Ph.D.
KEYWORDS : ADSORPTION, COMPOSITE FILM, MANGANESE (I1), PECTIN,

MONTMORILLONITE CLAY

Manganese (Il) contamination in industrial effluents discharged to natural water
resources is one of the most important environmental problems. The removal of
manganese (Il) from the effluents by adsorption technique remains an interesting
method to use in terms of its high efficiency, rapidness and ease of operation. The
adsorbent should be a natural material, low cost, and of high adsorption capacity.
Therefore, pectin extracted from Hylocercus undatus was used as an adsorbent. Pectin
can form a natural pectin film (PN film) that is easy to remove after the adsorption
process. Additionally, the pectin film can be modified as a natural composite film (CN
film) to enhance the adsorption capacity. The objectives of this research are to study
the characteristics of the adsorbents and to determine the factors affecting Manganese
(I removal by using CN film.

In terms of the characteristics of PN film, MMT and CN film, their specific surface
areas are 5.04 m%/g, 39.8 m?/g and 3.46 m?/g, respectively. The average pore sizes are
1.80 x 10" nm, 1.80 x 10" nm and 1.79 x 10 nm, respectively. For the IR spectra of CN
film, a functional group of Si-O-Si stretching was found. The Si-O-Si stretching was a
functional group of MMT. This result confirms the composition of MMT on the
composite film. For the morphology of the composite film, small particles were found
on the surfaces. The point of zero charge of the composite film is at the pH of 4.0. In

terms of the thermogravimetric analysis, it shows that the weight of all films decreased
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periodically with an increase of temperature. The weight loss of the PN film is
completed at 1000 °C while that of CN film remains at 20 percent.

The batch adsorption results show that the percent of manganese (Il) removal
capacity of PN film, MMT and CN film are 10, 41.66 and 22.21%, respectively. The
highest percent of the CN film removal capacity is 39.69% at a certain condition of the
pH of 6.0 and the temperature of 65 °C. The adsorption behaviors fitted with Freundlich
Isotherm better than that of Langmuir Isotherm. The adsorption rate was rapid during
the first 50 minutes and then reached equilibrium at 180 minutes. The adsorption rate
follows the pseudo-second order equation. It can be concluded that the CN film is an

effective adsorbent for Manganese (Il) removal from the effluents.
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The objective of this study was to investigate the water quality in Tong Weat Creek
where water flows through Non Daeng Village, Pho Yai Sub-district, Warinchamrab
District, Ubon Ratchathani Province. The information from the study was used by the
Pho Yai Sub-district Administration Organization during their decision making process to
construct a water supply system in the Non Daeng Village. Water samples were
collected from 3 points. The first point was at the front area of the creek in Nong Khai
Nok Village in Pho Yai Sub-district. The second point was at the water flow area where
houses are located along the bank of Tong Weat creek. The third point was where the
water flows in the rubber farm area (downstream). In the northeast monsoon season
(dry season), data were collected once a month from March to April 2019 as a sampling
period. In the southeast monsoon season (rainy season), data were collected twice a
month during July to August 2019 as a sampling period. The water quality was
measured using 14 parameters including temperature, pH, dissolved oxygen (DO),
biochemical oxygen demand (BOD), total coliform bacteria (TCB), fecal coliform bacteria
(FCB), nitrate in the nitrogen unit (NO;~ - N), ammonia in the nitrogen unit (NH; - N),
copper (Cu), manganese (Mn), zinc (Zn), cadmium (Cd), lead (Pb), and chromium (Cr).

The study indicated that the average temperature of each water collection point
was in the range of 29.95 - 30.90 degrees Celsius. The average pH of each water

collection point was in the range of 5.91 - 6.21 and dissolved oxygen was 7.76 — 8.10
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mg per liter. The study also found that the biochemical oxygen demand of each water
sampling point was in the range of 1.48 — 1.92 mg per liter, total coliform bacteria
count was in the range of 2,950 - 25,862.50 MPN per 100 ml, the fecal coliform
bacteria average was at 916.25 - 3,562.50 MPN per 100 ml, the nitrate in the nitrogen
unit was in the range of 0.04 - 0.17 mg per liter, the ammonia in nitrogen unit was in
the range of 0.05 - 0.09 mg per liter, the manganese average value was in the range of
0.04 — 0.05 mg per liter, the zinc value was in the range of 0.02 — 0.04 mg per liter, the
cadmium was in the range of 0.051 - 0.052 mg per liter while the copper, lead, and
chromium velue was zero at all water sampling points. Overall, the study found that
only the pH, biochemical oxygen demand, total coliform bacteria, fecal coliform
bacteria, zinc and cadmium value did not meet the Water Quality Standards of Surface
Water Source Type 3. For the assessment of water quality using the Surface Water Quality
Index (WQ)I), it was found that the overall water quality was in the moderate criteria.
When considering each month individually, it was found that the water quality in March
was at a good level and the quality of water were at a moderate level in April, July,
and August. However, due to waste contamination caused by human activities such as
farming and household waste, biochemical oxygen demand, total coliform bacteria,
and fecal coliform bacteria ultimately did not meet the Water Quality Standards of

Surface Water Source Type 3.
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ABSTRACT

TITLE : AN INVESTIGATION OF EFFICIENCY AND PROCESS PLANNING IN 3D
FUSED DEPOSITION MODELING UNDER MULTI-CRITERIA DECISION
ANALYSIS

AUTHOR : KITTI WISESLA

DEGREE : MASTER DEGREE

MAJOR : INDUSTRIAL ENGINEERING

ADVISOR : KASIN RANSIKARBUM, Ph.D.

KEYWORDS : MULTI-CRITERIA DECISION MAKING (MCDM), DATA ENVELOPMENT

ANALYSIS (DEA), TECHNIQUE FOR ORDER OF PREFERENCE BY
SIMILARITY TO IDEAL SOLUTION (TOPSIS), RELATIVE EFFICIENCY,
THREE-DIMENSIONAL PRINTING

This research examines process planning issue of three-dimensional printing (3DP)
by focusing on the printer location problem. We evaluate 36 testing specimens
fabricated using Fused Deposition Modeling (FDM) 3D- printed Acrylonitrile- Butadiene-
Styrene (ABS). The designed experiment is conducted with specimens’ density at 25,
50, and 100 percent based on the X and Y direction as well as the location of the
printer at the front (F), the middle (M), the back (B), the left (L), and the right (R) with
two replicates for each scenario. That is, the experimental trials are from ‘ XF-axis’ 6
trials, ‘XM-axis’ 6 trials, ‘XB-axis’ 6 trials, ‘YL-axis’ 6 trials, ‘YM-axis’ 6 trials, and ‘YR-
axis’ 6 trials. Next, relative efficiency of each decision making unit (DMU) is analyzed
based on three input criteria (i.e., the amount of material, production cost, and
production time) and five output criteria (i.e., surface smoothness, % accuracy, %
elongation, tensile strength, and hardness) using the Data Envelopment Analysis (DEA)
technique. Fifteen DMUs are found to have the efficiency score of 1 and the other
3 are lesser than 1. Then, we treat the efficiency as one more criterion and use Bodar
count and Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS)
techniques to analyze the best alternative and find that DMU 2 with a score of 0.7437

produced using 25% -density level at the XM position is recommended. The results
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from this research can be further applied for effective production planning for 3DP in

the future.
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ABSTRACT
TITLE : DATA ENVELOPMENT ANALYSIS AND ANALYTIC HIERARCHY
PROCESS BASED EFFICIENCY STUDY OF FRESH MARKET LAYOUT
AUTHOR : CHEWAPHORN CHAIYAPHAN
DEGREE : MASTER OF ENGINEERING
MAJOR : INDUSTRIAL ENGINEERING
ADVISOR : KASIN RANSIKARBUM, Ph.D.
KEYWORDS : FRESH MARKET LAYOUT PLANNING, MULTI-CRITERIA DECISION

ANALYSIS, ANALYTIC HIERARCHY PROCESS, DATA ENVELOPMENT
ANALYSIS, MONTE-CARLO SIMULATION

This research aims to study the operational efficiency and analyze the factors
related to the layout of food safety. Analyzed case studies are representatives of the
public and private markets in Ubon Ratchathani Province: Ubon Municipal Fresh Market
and Don Klang Fresh Market. The study was conducted in three parts: 1) analyzing the
operational efficiency of the fresh markets by comparing it with the standardized
Marketing Organization for Farmers (MOF). Data Envelopment Analysis (DEA) and
evaluation of questionnaires related to the stakeholders were assessed using Mixed
Methods Research, 2) synthesizing factors’ weights deemed important for stakeholders
by using the Analytic Hierarchy Process (AHP) and designing the zoning and layout of
the fresh markets in accordance with the three concepts of consumers’ behavior,
merchants requirements, and standardized market concepts, and 3) evaluating layout
alternatives using the Borda count technique and analyzing the efficiency using the
Monte Carlo simulation.

The analysis of the market layout efficiency showed that the obtained factors not
only affected the markets’ operations, but also helped enhance the operational
efficiency. In terms of the factors’ weight of consumers, the factor related to the
building and location were found to be the most important factor. The merchants
placed the most importance on the rental price and value. The markets’ policymakers

were interested in the Good Market Practice (GMP) factor the most. The factors’” weight
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were 24.80%, 54.89% and 50.20%, respectively. In addition, the analyzed results from
the Monte Carlo simulation by comparing the walking distances from consumers in all
three types of the layouts showed that the designed market layout according to

consumers’ behaviour has the highest efficiency with the enhancement of 10.5%.
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ABSTRACT
TITLE : AN INVESTIGATION OF 3D PRINTER SELECTION PROBLEM FOR
HEALTHCARE MODELS USING MULTI-CRITERIA DECISION ANALYSIS
AUTHOR : ACTING LT. PEERAPAT KHAMHONG
DEGREE : MASTER OF ENGINEERING
MAJOR : INDUSTRIAL ENGINEERING
ADVISOR : KASIN RANSIKARBUM, Ph. D.
KEYWORDS : 3D PRINTER SELECTION, FUZZY ANALYTIC HIERARCHY PROCESS,

TECHNIQUE FOR ORDER PREFERENCE BY SIMILARITY TO IDEAL
SOLUTION, MEDICAL MODEL

In this research, the selection problem of 3D printers (3DP) using the integrated
fuzzy analytic hierarchy process (FAHP) and technique for order preference and
similarity to ideal solution (TOPSIS) were analyzed. Decision makers focused in this
study were technical experts and users for 3DP. In addition, selected medical models
were 3D heart and full mouth models representing a large vertical and small horizontal
piece, respectively. A total of five printer alternatives in the case study were three
Fused Deposition Modeling (FDM)-type and two Stereolithography (SLA)-type printers.
This study was conducted following three steps: 1) collecting criteria and sub-criteria
data deemed important for selecting the best printer to fabricate selected medical
parts based on three main factors (i.e., product, materials, and printer) and the 11 sub-
factors (i. e., precision, surface roughness, production cost, production time,
appearance, material price, tensile strength, elongation, printer price, maximum print
size, and preference for the printer), 2) analyzing criteria weight importance for decision
makers using FAHP, and 3) assessing the best printer alternative using TOPSIS.

The analyzed results showed that the product factor was the most important
factor followed by the material factor, and the printer factor, with the weight values of
0.528, 0.298 and 0.173, respectively. In addition, it was found that the best printer
alternative from the case study did not depend on the type of medical models used

in the analysis only, but it was also subjected to other factors. In particular, the best
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printer choice in terms of the product factor was the SLA Ultra 3SP, in which its accuracy
and usability sub-criteria were superior. Furthermore, the best printer alternative with
regard to the material factor and the printer factor was found to be FDM XYZ 3DP
daVinci 1.0A and FDM Flashforge Guider2s, respectively.
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ABSTRACT
TITLE : PERFORMANCE OF LIQUID JET GENERATED BY ELECTROMAGNETIC
ACTUATOR AND ITS APPLICATIONS
AUTHOR : GITTIPHONG SRIPANAGUL
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASSOC. PROF. ANIRUT MATTHUJAK;, Ph.D.
KEYWORDS : ELECTROMAGNETIC ACTUATOR, JET GENERATION, PERFORMANCE,

NEEDLE FREE JET INJECTION, BONE DRILLING, STONE DRILLING,

This research aims to study the performance and applications of a jet generator
device that was created by an electromagnetic actuator that uses an electric power
storage for jet generation. The jet generation device was designed and manufactured
based on the impact driven method. The device can produce both an impulsive jet
and semi-continuous jet. From the study on the performance of the device’s impulsive
jet and semi-continuous jet generation, it was found that the jet velocity and impact
pressure increased and decreased as the orifice diameter of the nozzle and the
frequency of signal supplied to the power amplifier increased. Moreover, the jet
velocity and impact pressure increased when the capacitor voltage and travelling
distance increased, whereas they decreased as the liquid volume increased. From the
study on the influence of Non-Newtonian fluid jet on jet velocity and impact pressure,
it was found that types of Non-Newtonian fluid did not have a significant effect on jet
velocity and impact pressure in the air. However, the types of Non-Newtonian fluid jet
had a significant effect on jet velocity and impact pressure in water. From the study of
the jet applications, it was found that the jet generator device can be used for drug
delivery. The distance of penetration of the jet in Polyacrylamide gel depended on the
jet velocity and impact pressure, whereas the distance of dispersion of the jet
depended on liquid volume. From the jet application’s of bone drilling, it was found
that the hole depth in the bone increased as the liquid volume of the jet and the

number of jet pulses increased. The maximum hole depth was 4.52 mm at 80 pulses,
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which has the depth per liquid volume ratio of 0.113 mm/mL. For the study of stone
drilling, it was found that the hole depth in the sandstone increased as the number of
jet pulses increased. The shear failure mechanisms and tensile failure mechanisms
were generated on the surface of sandstone. From the study of the effect of the inside
diameter of pipes on jet velocity and impact pressure, it was found that the inside
diameter of pipes had an insignificant effect on jet velocity and impact pressure.
Finally, the study of semi-continuous jet generated by electromagnetic actuator was
completed. The maximum jet velocity and maximum impact pressure of the semi-
continuous jet was 54.58 m/s and 9.89 MPa, respectively, at 50 Hz of frequency signal
supplied to the power amplifier. From the application study of the semi-continuous
jet, it was found that the device can be applied for needle free jet injection similar to
the commercial needle free jet injection devices. Therefore, the jet generation device
created by an electromagnetic actuator that uses electric power storage can be applied

for engineering work and medical work in the future.
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ABSTRACT
TITLE : IMPROVEMENT OF EJECTOR PERFORMANCE BY USING TWO STAGE
EJECTOR PRINCIPLE
AUTHOR : NAT SUVARNAKUTA
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASSOC. PROF. KULACHATE PIANTHONG, Ph.D.
KEYWORDS : TWO-STAGE EJECTOR, EJECTOR REFRIGERATION SYSTEM,

COMPUTATIONAL FLUID DYNAMICS

This study aims to investigate the use of the two-stage ejector to improve the
ejector performance of the refrigeration system and gas/eas ejector application. The
computational fluid dynamics (CFD) results were validated with the experimental
values. The ejector refrigeration system and gas/gas ejector application, the two most
significant parameters used to describe the performance of an ejector, were specified
in terms of entrainment ratio (Rm) and critical back pressure (CBP).

In the ejector refrigeration system, the CFD was used to investigate the
performance to increase operational flexibility and COP. A 2D-axisymetric model of a
two-stage ejector (TSE) was developed and its performance was compared to that of

the commonly used single-stage ejector (SSE). The shear-stress-transportation k- (k-

W-sst) model was applied as a turbulence model. The simulation of the TSE in the
refrigeration system was analysed for performance using generator temperatures
between 100 and 130 °C and evaporator temperatures between 0 and 15 °C. The CFD
simulation results showed that the TSE provided high entrainment ratios up to 77.2%,
while showing a marginal decrease in the critical back pressure up to a maximum value
of 21.9%. Therefore, it can be concluded that the TSE can significantly benefit
refrigeration systems requiring high refrigerating capacity while maintaining a slightly low
condensing pressure.

Furthermore, the study of the TSE performance in the gas/gas ejector system

compared with the SSE simulations using CFD shows that when the primary inlet
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pressure is 4 bar, the secondary inlet pressure is 1 bar. The TSE provides a marginal
decrease entrainment ratio of 3.90% but increases critical back pressure of 26.43%. It
was found that the predicted performances of the CFD simulated models agreed well
with the experimental values. Average errors of the predicted entrainment ratio and
the critical back pressure were 15.64% and 7.14%, respectively.

It can be concluded that the TSE increases in critical back pressure and can
improve the ejector performance in terms of the entrainment ratio (Rm) during choked
flow. The findings of this study can contribute toward advances in the field of ejector

refrigeration.
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The purpose of this research was to study the synthesis of crude oil from the
hydrothermal process. The raw materials were biomass residue from a harvesting
process and agro-industrial waste. Six types of feedstocks including sugarcane leaves,
eucalyptus bark, rubber seeds, sugarcane bagasse, cassava pulp, and sugarcane
molasses were investigated. The Ni-alloy reactor was used as a batch reactor with 100
mL volume. The reactor was heated by an external electric heater. The de-ionized
water was employed as a solvent in the entire experiment. The results from sugarcane
leaves showed that the reaction temperature and the ethanol blended in the solution
affected the percentage yield of crude oil. When increasing the proportion of ethanol,
the percentage of the BCO (bio-crude oil) yield increased. The maximum was 34.8 % at
the ethanol/water ratio of 1 to 5. The reaction temperature was 300 °C, but on the
divergent, the conversion of sugar cane leaves decreased when the ratio of ethanol
per water increased.

Furthermore, the study of bio-oil synthesis from eucalyptus bark found that
eucalyptus bark was able to synthesize to crude oil. However, the BCO yield was as
low as 10.29 % at the conversion of 84.70 %. As a result, it indicated that the eucalyptus
bark was converted to synthesis gas up to 64.41 %. When synthesing the crude oil
from rubber seed, it was found that the suitable catalyst which provided the highest
percentage of crude oil was Potassium Hydroxide (KOH). Also, the effects of adding

ethanol to the solvent were performed after the catalyst. The high crude oil yield was
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up to 41.42 % at the reaction temperature of 350 °C and ethanol added into the
deionized water of 20 %.

For the study of crude oil synthesis from sugarcane bagasse, it was found that the
suitable catalysts were KOH. The response surface methods (RSM) was employed to
design and analyze the experimental results. It was clear that the highest BCO yield
was 16.29 % at the reaction temperature of 350 °C, the reaction time of 90 min., the
concentration of sugarcane bagasse of 5 wt. %, the amount of catalyst. 15 wt.% of
sugarcane bagasse, and at the conversion of 89.66 %. In addition, the BCO could be
synthesized from cassava pulp by the hydrothermal process and the suitable catalyst
was KOH. The experimental results were designed and analyzed by the response
surface methods. It was found that the highest BCO yield was 23.60 % at the conversion
of cassava pulp of 49.54 9%, the reaction temperature of 250 °C, the reaction time of
90 min., and the concentration of cassava pulp of 5.01 wt.%. The synthesis of oil from
cassava pulp required low temperature and long reaction time to get a high BCO yield.
From the preliminary study on the use of molasses, the byproducts from the sugar
production process as raw material for crude oil synthesis from the hydrothermal
process, it was found that molasses cloud be used as raw materials for crude oil
synthesis using the hydrothermal process. The highest BCO yield was 23.60 % at the
reaction temperature of 350 °C. The concentration of molasses was 5 wt.%. The highest
conversion of molasses of 97.23 % was obtained at the reaction temperature of 350 °C
and the concentration of molasses of 15 wt.%.

When analyzing the composition of crude oil synthesized from five raw materials,
it was found that most of the components of the oil were made up of free fatty acid
methyl ester for up to 80 percent. Besides, the quality analysis of wastewater from the
HTL process found that the BOD and COD values were high. They must be treated
before released into natural water sources. When calculating the cost of raw materials
in crude oil synthesis, it was found that the lowest was rubber seed which was 7.24
baht per kilogram of crude oil while the highest cost was molasses which was 18.86
baht per kilogram of crude oil. The cost of sugarcane leaves, eucalyptus bark, sugarcane
residue, and cassava waste were 8.62, 7.77, 15.35, and 13.98 baht per kilogram of crude

oil, respectively.



%
UNANYD
al Yo ) A a a a al v
1599 : nsUszanaldinulniannsuiaiiuysednsnminIaaa Ui
fgaNsau

ekt IR a9dieg
Y
d‘ a % a v a
CRIVERIATE : Usvennun Ui
A1U13%0 © AAINITULATDING

a‘d' =2 6 o [ Q{ a
9191387USNYY ¢ 589ANENT19158 A INANA Aiueun
AENALY © NITBULIN, FAUAENTNITBULIAS, WanulnTanngu

Inerfinustldiinsinvaaunamansniseuniafeauoudildwiuln fanmngudu
uidanmdouluguresshTaLA LT (Moisture ratio: MR) wagAin AU Aoendsay
1N (Specific energy consumption: SEC) YDINITOULNAY ﬂuﬁ'ﬁﬂmLLM‘VI’NM?U%’UU‘;G
Usednsn1midannnuseu (Thermal efficiency: 77,) wazUTuiunisuanudey CO wag NOX
yeuAetauihsanfeulngnsUszgndldiariuliaawsuduuvaninuiou Tns Yannsu
Adenldisneiu 2 viia Ao Yagnuslamdrvauauias fermnumguiviidy 10, 20 uag 50
Yossonrug1avisia (PPI) sud iy uay aansustindianandouiu damnumgusiiy
0.31, 0.36 wag 0.37 awuansu nelditeulunismaass mnudaanluniseuwiayindu 0.5,
1.0 uar 1.5 wasaedundl wazguuniluniseuuiayiniu 50, 60 uag 70 aeALwAITA
pudu Msfineudseandu 2 nsdfe nMseuwiilegldoiniafounadien wasnisouwis
Tngldomafoulnaiou wuimsussgndldmiuliiagnsuduian udeuvounioseu
uwissheaufeuaninsnanszezalunseuwisld Inefidamnufudomdanudumngves
mseuusnsalszgndldamiulnianmuiianies ninsdldmmiulnilifinsufuusadu
uwasawdeu nsdlldornadeumaiisafiganaiiouusia 70 ssmiwaidea Anusian 1.5
WnsHeuT ArmunguEIniull 50 PPl way 0.37 dwsunsalussynaldimiulnydiag,
PoaumuaaLazdanausauLudIfy asfidaruAudomdsnudumzdosiigainty
146.75 MJ/kg way 141.35 MJ/kg LLazé’m%’UﬂiaTL%’mmﬂ%aulmaﬁauﬁqmmﬁamﬁq 70
aaraded AMLEIAL 1.5 wasaeiundl Usunaeiniaseuluaiisu 40% Aaunguves
wanulnl 50 PPl war 0.37 dusunsaluszgndldimulnsianvisaunuaaiaziiianaudn

iy

LUUANEIRY ANAAUUGRIaIUINEdA1Tee gy 134.86 MI/kg uay 128.44

MJ/kg AUsEaNEAMTIALSUTRRATRIRULINSaU STy nAldT Ul TanngulA1mnnn



M¢-64-

nsdlildamiulnilifinsusuusaduundanuiou nsdldornafeuniaieiigumgi
QU 70 Bemgaliiud ANMsIau 1.5 wasaedundl Aaunguianulil 50 PPl wag 0.37
dmsunsduszgndldinulvyianivivaunuiaauaziinnaudauiuniuaidu 9z
Uszansnmidsanufougsiigauinfu 57.74% way 60.76% wazdwiunsdldeniafou
Ivadeuiignmaiiouusia 70 esrwaldea amnudian 1.5 wesdodui Uinaeimadou
lnaldeu 40% Armaunguuasianiuln 50 PPl wag 0.37 dusunsalussyndldinulivile
pengausuaaLaziianansauunua U Ussansamdannuouaziligaiigaminiu

6

61.58% waz 63.72% Usuiafing CO waz NOx nsdfiuszyndldwmulniagnyuduumnas

]

ANsaunsalldeniaseuniufenazainaseulvaisuiiamniinsanlivssendldimiu

T 3agnyu



M4-65-

ABSTRACT
TITLE : THE APPLICATION OF POROUS BURNER FOR INCREASING HOT AIR
DRYER EFFICIENCY
AUTHOR : PATHIWAT WARAMIT
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASSOC. PROF. UMPHISAK TEEBOONMA, Ph.D.
KEYWORDS : DRYING, DRYING KINETICS, POROUS BURNER

This study aimed to investigate hot air drying kinetics by using porous burner as a
heat source. The kinetics of hot air drying was determined in the form of moisture ratio
(MR) and specific energy consumption (SEC). In addition, the study aimed to examine
methods of improving thermal efficiency (77, ) and reduce the emissions of CO and
NOx of the hot air dryer by using porous burner as a heat source. There were two types
of porous material used in the experiment - stainless mesh porous material with the
porosity of 10, 20, and 50 pores per inch (PPI) and packed bed porous material with
the porosity of 0.31, 0.36, and 0.37. The experimental conditions were set at 0.5, 1.0,
and 1.5 m/s of air velocity and at 50, 60, and 70 °C of drying temperature. The study
was divided into two cases including drying with hot air flow in one direction and drying
with circulating hot air flow. It was found that the use of the porous burner as the heat
source of the hot air dryer could reduce the drying time. The specific energy
consumption when using the porous burner was less than the case of using the
unmodified burner. Drying with hot air flow in one direction at the drying temperature
of 70 °C, the velocity of 1.5 m/s, the porosity of 50 PPl and 0.37 when applied with the
stainless mesh porous burner and the packed bed porous burner obtained the
minimum specific energy consumption of 146.75 MJ/kg and 141.35 MJ/kg, respectively.
Drying with hot air circulation at the drying temperature of 70 °C, the velocity of 1.5
m/s, 40% of the amount of the circulating hot air, the porosity of 50 PPl and 0.37 when
applied with the stainless mesh porous burner and the packed bed porous burner

showed the minimum specific energy consumption of 134.86 MJ/ke and 128.44 MJ/kg,
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respectively. The dryer with porous burner was found to have a higher thermal
efficiency than that of the dryer with no porous burner. In the case of drying with hot
air flow in one direction at the drying temperature of 70 °C, the velocity of 1.5 m/s, the
porosity of 50 PPl and 0.37 when applied with the stainless mesh porous burner and
the packed bed porous burner, the maximum value of thermal efficiency was found at
57.74% and 60.76%, respectively. In the case of drying with hot air circulation at the
drying temperature of 70 °C, the velocity of 1.5 m/s, 40% of the amount of the
circulating hot air, the porosity of 50 PPl and 0.37 when applied with the stainless mesh
porous burner and the packed bed porous burner, the maximum value of thermal
efficiency was at 61.58% and 63.72%, respectively. The amount of CO and NOx when
using the porous burner as the heat source in the hot air flow in one direction or in the
hot air circulation was less than the amount produced if the porous burner was not

used.
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TITLE : THERMAL EFFICIENCY IMPROVEMENT OF HIGH PRESSURE GAS
STOVE USING SWIRLING FLOW BY COMPUTATIONAL FLUID
DYNAMICS

AUTHOR : MANA WICHANGARM

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR : MECHANICAL ENGINEERING

ADVISOR : ASST.PROF. ANIRUT MATTHUJAK, Ph.D.

KEYWORDS : ENERGY-SAVING COOKING STOVE, SWIRLING FLOW, CFD

The objective of this research is to improve the thermal efficiency of a high-
pressure gas-saving burner through an experiment using computational fluid dynamics
(CFD). The simulation model was created using a 3 D-model the same size of the real
burner. The thermal efficiency of the burner was investigated by a boiling test based
upon standard DIN EN 203-2. Combustion temperatures were experimentally and
numerically investigated in order to validate the CFD model and describe the
combustion phenomena and heat transfer to the vessel. From the temperature
comparison, the CFD model was in good agreement with the experiment, having the
error of less than 5.75%. Then, the effects of LPG releasing pressure on its flow and
combustion phenomena was studied. Increasing in LPG pressure resulted in higher
turbulence intensity and higher amounts of entrained secondary air that led to a higher
combustion temperature: hence, a higher heat flux was obtained. However, the
increase in LPG pressure lowered the thermal efficiency, which may have been caused
by environmental heat loss due to a higher flow of velocity. To improve the thermal

efficiency by swirling flow, 9 swirl burners were designed and compared with the

conventional gas burner CB-170S00 (inclined angle of 70° and swirl angle of 00°) using
CFD: SB-142509, SB-150503, SB-150S15, SB-170S05, SB-170509, SB-170518, SB-190S03, SB-
190S15, and SB-198509. The simulation, temperature, velocity, turbulence intensity,
mass flow rate of secondary air, and heat transfer to the vessel of the 9 swirl burners

were better than those of CB-170S00 burner. The temperature, velocity, turbulence
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intensity, mass flow rate of secondary air, and heat flux of SB-150S15 burner were the
highest, which were 1,533.00 K, 6.28 m/s, 48.82%, 5.37x10” kg/s and 29.02 kW/m?,
respectively. Their increments were 14.85%, 67.47%, 9.02% and 15.43%, respectively,
compared with CB-I70S00 burner. From the thermal efficiency testing, the maximum
thermal efficiency of SB-I150515 burner was higher than that of CB-I70S00 burner, being
54.66% and 47.72%, respectively, at pot diameter of 26 cm and LPG pressure of 0.2
bar. The energy saving from SB-150S15 burner was at 12.69% compared to CB-170S00

burner.
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The objective of this research is to investigate the behavior of hybrid AL/GFRP tube
due to an axial impact loading. The effect of the number of GFRP layers, fiber angles
and stacking sequence on collapse behavior of structure was focused. The specimens
were made from cylindrical aluminum tube with the diameters of 25.39, 30.48, 38.10
and 45.72 mm, and the thickness of 1.20 mm and 100.00 mm long. They were wrapped
with 1-, 2-, 3-, and 4-layer of GFRP to form hybrid tubes. The specimens were tested
under the impact load using a vertical impact testing machine by dropping a 30 kg
hammer at 2.43 m high. The result revealed that AL/GFRP tube could resist more
impact load than that of naked AL tube for every case. The maximum load and the
mean load of hybrid tubes increased when the number of layers increased, especially
for the 3- and 4-layer tubes. For the effect of fiber angle, it was found that the 45
degree fiber did not have a significant effect to structure crashworthy. The 0 and 90
degree fibers were found to be able to significantly promote the crashworthiness
capacity of the structure. The stacking sequence of the fiber angle was also found to
have an effect on the collapse behavior of the structure as well as on its
crashworthiness parameters. Therefore, the crashworthy of specimen may be improved
by proper sequence of fiber angles. According to this study, the recommended pattern

of AL/GFRP tubes are [0/0/90], [0/90/90] and [0/0/90/90].
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ABSTRACT
TITLE : THE STUDY AND DELVELOPMENT OF ROOFING TILES
MANUFACTURED FROM AGRICULTURAL RESIDUES
AUTHOR : ARKOM PASILO
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASSOC. PROF. UMPHISAK TEEBOONMA, Ph.D.
KEYWORDS : ROOFING TILES, AGRICULTURAL RESIDUES, PHYSICAL PROPERTIES,

MECHANICAL PROPERTIES, THERMAL CONDUCTIVITY,

The objectives of this research were to investigate the properties of roofing tiles
that were manufactured from agricultural residues such as kenaf fibers, corn cob fibers,
palm fruit bunch fibers, and water hyacinth fibers. Synthetic urea formaldehyde resin
(UF) adhesive was selected as the binder. The mixture rate of the Urea-formaldehyde
adhesive were 10%, 12%, and 14%. The main properties of the roofing tiles investigated
in this work were physical, mechanical, and thermal properties. The property testing
was performed according to the Industry Standards, JIS A 5908-2003, ASTM D 256-20063,
and ASTM C 117- 2010. In addition, the SEM technique was used to investigate the
microstructural characteristics. Next, these properties were compared to the properties
of commercial roofing tile products.

The experimental results revealed that the roofing tiles made from kenaf fibers,
corn cob fibers, palm fruit bunch fibers, and water hyacinth fibers contained the density
(D) of 342.99 kg/m?>, 361.94 kg/m?, 420.32 ke/m* and 581.31 ke/m°, respectively. The
modulus of rupture (MOR) of kenaf fibers, corn cob fibers, palm fruit bunch fibers, and
water hyacinth fibers were 1.05 MPa, 1.83 MPa, 1.92 MPa and 1.97 MPa, while the
modulus of elasticity (MOE) were 130 MPa, 182 MPa, 197 MPa, and 199 MPa,
respectively. The thermal conductivity (K) properties of roofing tiles produced from the
kenaf, corn cob, palm fruit bunch, and water hyacinth fiber were also 0.024 W/m.K,
0.032 W/m.K, 0.095 W/m.K, and 0.098 W/m.K, respectively. The microstructural

characteristics of the roofing tile products were found in accordance with the standard
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test requirements. Finally, it was found that the properties of the roofing tiles

constructed in this work are similar to commercial roofing tile products.
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ABSTRACT

TITLE : REMOVAL OF MALACHITE GREEN DYE FROM AQUEOUS SOLUTION
BY ADSORPTION PROCESS WITH PHOTACATALYSIS PROCESS USING
TITANUIM DIOXIDE IMMOBILIZED MONTMORILLONITE CLAY

AUTHOR : JUREEPORN WONGJUNDA

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR : ENVIRONMENTAL ENGINEERING

ADVISOR : ASSOC. PROF. CHAKKRIT UMPUCH. Ph.D.

KEYWORDS : ADSORPTION, PHOTACATALYSIS PROCESS, MALACHITE GREEN DYE

SURFACTANT, TITANUIM DIOXIDE, MONTMORILLONITE CLAY

The research aimed to study the removal of malachite green dye (MG) from an
aqueous solution with adsorption technique together with a photocatalytic process
using two types of titanium dioxide (TTM and TCM) as adsorbents and catalysts to
immobilize  montmorillonite clay (TiO,/MMt). Characterizations of TiO,/MMt were
analyzed by various techniques. Its specific surface area was analyzed by BET method
while its average pore size was analyzed by BJH method. Morphology was studied by
using Scanning Electron Microscope (SEM) images while its microstructure was analyzed
by using Transmission Electron Microscope (TEM). Elemental quantities were studied
by using X-ray fluorescence spectrometer (XRF). Important functional groups were
analyzed by using FTIR. Crystalline structure was identified by using XRD while its
thermal stability was studied by using TGA.

The results obtained from the batch adsorption showed that the amount of MG
absorbed by TTM were higher than that by TCM. The highest percent of MG dye
removal was taken place under a certain condition at the initial dye concentration of
100 mg/|, contact time of 24 hours, pH of 5 and temperature of 60 “C. Adsorption
isotherm was well fitted by the Langmuir’s isotherm equation. Kinetic data follows the
pseudo-second order rate equation. The results of thermodynamic study reveal that

the adsorption was an endothermic process.
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The results of the dye removal using the photocatalytic process showed that the
percent of MG dye removal obtained from TTM was higher than that of TCM. The
highest percent of the dye removal occurred at the certain condition of the catalyst
dose of 1 g, pH of 4, temperature of 40 “C, MG concentration of 400 mg/l, UVC light
intensity of 2.752 mW/cm?, wavelength of 254 nm and radiated duration of 24 hours.
The results found from the analysis of the dye molecules’ structure of before and after
removal using LCMS technique showed that the TTM and TCM were able to catalyze
dye degradation by oxidation and reduction resulting in smaller molecules of the
derivatives from the dye. The results showed that the TTM and TCM could be used as

effective absorbents and photocatalysts for the removal of MG from wastewater.
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ABSTRACT
TITLE : BIOLOGICAL TREATMENT BY LACCASE FOR DICOFOL DEGRADATION
IN A MEMBRANE REACTOR
AUTHOR : APINYA ONSARN
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : ENVIRONMENTAL ENGINEERING
CHAIR : ASST. PROF. KARNIKA RATANAPONGLEKA, Ph.D.
KEYWORDS : DICOFOL, LACCASE, HEAVY METAL, NATURAL ORGANIC MATTER,

MEMBRANE REACTOR

This research aimed to investigate dicofol degradation by laccase, degradation
factors, toxicity of dicofol by microorganisms, and to monitor the substance from the
decomposition products. In addition, reduction of flux value and fouling of ultra-
filtration membrane were studied. Laccase enzymes extracted from Lentinus
polychrous Lev was used.

The result showed that the purity of laccase increased at 3.52 folds when passing
through a micro- and ultra-filtration system. By using laccase enzyme to remove dicofol
in batch reactor at 12 hours, its removal efficiency reached 100% at pH 7, temperature
of 35 °C, the enzyme activity at 4.32 U/ml and dicofol concentration at 1 mg/L.
According to environmental conditions, the contaminations of Manganese (Mn (i),
ferrous (Fe (II)) and natural organic matter (NOM) were investigated. At the dicofol
concentration of 1-5 mg/l and the concentrations of Mn (Il), Fe (Il)and NOM in the range
of 0-50 mg/\, the removal efficiency increased when the concentration of Mn (ll)
increased. The removal efficiency reached 100% at Mn (Il) concentration of 50 mg/L. As
for Fe (I) and NOM, in contrast, dicofol removal efficiency decreased when their
concentration increased. The removal efficiencies at the concentrations of 50 mg/l were
62.43 and 45.32%, respectively. The kinetics study on dicofol removal with laccase
showed that the value of K, was 5.99 mM and V,,., was 2.57 mM/min. To determine
the activation energy, the temperatures in the range of 25-35 °C were applied. The

value of E, was 5.45 KJ/mol. The results of inhibition study on Mn (ll), Fe (Il) and NOM
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showed that Fe (I) and NOM were competitive and uncompetitive inhibitors,
respectively; meanwhile, Mn (Il) acted as a promotor for dicofol removal.

For the degradation of dicofol in the membrane bioreactor, cross flow filtration
was used. The ultrafiltration membrane was made from polyether sulfone (PES) with a
surface area of 191 x 140 mm?, molecular weight cut-off of 20 kDa. The results showed
that the degradation of dicofol was 100% at the dicofol concentration of 1 mg/l, pH 7,
enzyme concentration of 4.32 U/ml, operating pressures at 5 psig and the temperature
at 28+3C at 480 minutes. According to this condition, the contaminations of Mn (i), Fe
(I and NOM were investigated. At the dicofol concentration of 1 mg/l and the
concentrations of Mn (Il), Fe (Il) and NOM in the range of 0-50 mg/l displayed that the
removal efficiency increased when the concentration of Mn (Il) increased. The removal
efficiency reached 100% at 240 minutes in all concentrations. For Fe (Il) and NOM at
the concentration of 0-1 mg/l, the removal efficiency reached 100% at 240 minutes.
However, at the concentration of 10-50 mg/l, it was found that the degradation
decreased less than 90%. In addition, the flux decline was found due to the fouling of
the membrane. Blockage model of membrane in all conditions followed three models
that consisted of complete pore blocking, pore constriction or standard blocking and
intermediate blocking. A cake formation model was found when adding heavy metal
and NOM into the system.

To investigate toxicity, two types of isolated microorganisms, NJ-UBU1 and NJ-
UBU2, were investicated. The results of gram stain showed that the isolated
microorganisms were gram-positive and gram-negative, respectively. Disc agar diffusion
techniques were selected for the test. The results revealed that the increase of dicofol
concentration increased inhibition of both types of microorganisms. When the time for
dicofol decomposition in the reactor increased, the inhibition of microbial growth
decreased. NJ-UBU1 microorganisms were more inhibited than NJ-UBU2. By-product
from the dicofol degradation using laccase were 2 types which are 2,2-Dichloro-1,1-
bis(d-chlorophenyl) ethanol, and 4,4'-dichloro benzophenone. These by-products were
less toxicity than dicofol. Therefore, the laccase enzyme was a potential application in

dicofol degradation and could be applied in membrane bioreactors.
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ABSTRACT

TITLE : VARIABLE NEIGHBORHOOD STRATEGY ADAPTIVE SEARCH FOR
ASSEMBLY LINE BALANCING PROBLEM TYPE 2 WHEN CONSIDER
NUMBER OF TYPE MACHINE USED IN EACH WORKSTATION

AUTHOR : GANOKGARN JIRASIRILERD

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR : INDUSTRIAL ENGINEERING

ADVISOR : PROF. RAPEEPAN PHITAKHASO, Ph.D.

KEYWORDS : ASSEMBLY LINE BALANCING PROBLEMS TYPE 2, VARIABLE

NEIGHBORHOOD STRATEGY ADAPTIVE SEARCH

This research aimed to apply a Variable Neighborhood Strategy Adaptive Search
(VaNSAS) to solve the assembly line balancing problem type 2 in the case of considering
the number of types of machines used at each work station and the assembly line
balancing problem type 2 of 128 standard problems. The objective was to minimize
the cycle time (c). The Variable Neighborhood Strategy Adaptive Search Method
(VaNSAS) was applied and developed as a new method in order to solve the problem.
This method included five steps which were: 1) Generating a set of tracks, 2) deciding
which tracks to operate in the specified black box, 3) operating the black box, 4)
updating the tracks, and 5) repeating steps 2 to step 4. The computational results
showed that the Variable Neighborhood Strategy Adaptive Search was able to reduce
the cycle time from 2.00 minutes to 1.23 minutes as well as increase the effectiveness
of the assembly line to 70.36%. As for 128 standard problems testing results, the
Variable Neighborhood Strategy Adaptive Search could find the optimal solutions for
all 128 standard problems.
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This research aimed to develop a metaheuristic approach for solving the multi-
floor facility layout problem (MFLP). The proposed algorithm was developed by
applying and improving the differential evolution algorithm with the target of
minimizing the transport material cost and maximizing the adjacency requirement
between the facilities. The newly developed DE algorithm was evaluated and then
compared with the MULTIPLE and SABLE algorithm.

For MFLP, the Differential Evolution algorithm (DE) methods were tested with 6
data sets following medium scale problems (11-12 departments) 11-1, 11-2, 12 and
large scale problems (21 departments) 21-1, 21-2, 21-3 by using DE/rand/1/bin,
DE/rand/2/bin and newly developed DE. It was found that all 3 methods were able to
find a better optimal solution than that of the MULTIPLE. The newly developed DE
algorithm provided a more effective answer than that of MULTIPLE in the following
percentage ratio of 52.6%, 14.02%, 15.89%, 32.10%, 20.01%, and 36.92% of the
problems 11-1, 11-2, 12, 21-1, 21-2, and 21-3, respectively. Focusing on problem 11-1,
21-1, 21-2 and 21-3, the newly developed DE algorithm was also effective than that of
SABLE in percentage ratios of 6.75%, 15.85%, 2.76%, 27.56%, respectively.

It can be concluded that DE and the newly developed answer method were able
to contribute to the optimal solution considered as an effective method when
compared with another algorithm such as MULTIPLE, and a metaheuristic method such

as SABLE. Therefore, they can be used to solve the problem of MFLP.
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STRATEGY ADAPTIVE SEARCH

This paper aims to present the 2-Echelon Location Routing Problem (2ELRP) which
is a variant of the Capacitated Location-Routing Problem (CLRP). The collection
problem and routing decisions at both levels are required. The model is used to
minimize total fuel consumption depending on the distance and the road conditions
in both echelons. This model could serve a customer more than one time which is
considered a new constraint. Due to its complexity, it makes the traditional LRP more
difficult to manage. A new Variable Neighborhood Strategy Adaptive Search (VaNSAS)
algorithm as a solution approach was introduced to solve the problem. The
computational results indicated that the VaNSAS algorithm efficiently solved the
problem of the case study and outperformed all of the other compared heuristics in
this research. This demonstrates that the proposed VaNSAS is very efficient for both
the reduction of rubber logistic costs and the application of other related agricultural

industries.
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This research presented an adaptive large neighborhood search (ALNS) used to
solve multi-level assignment problems: a case study of a chicken farm in Buriram with
the purpose of gaining the optimal operating profit. The researcher developed three
algorithms i.e. ALNS1, ALNS2 and ALNS3 by the integration of destroy and acceptance
with the answers that aimed to resolve the case study’s problems effectively and
appropriately. The mathematical model was developed by the researcher and was
used to solve the problem where the samples were divided into three groups; small,
medium, and large problem. By testing with the Lingo program, the results showed that
this model could be employed to solve the problem for small group#t. However, for
the medium and large problem groups, an answer could be found but the processing
time exceeded 72 hours. Therefore, ALNS1, ALNS2 and ALNS3 algorithms were adopted
with the actual case study to test the effectiveness by comparing it with the results of
Lingo program. The results indicated that ALNS1 was the optimal algorithm to find the
answer. Therefore, it is concluded that the algorithm developed by the researcher

could find the best answer with the highest operating profit of 114,462,392.59 baht.
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ERGONOMICS

The objectives of this research were to (1) study a process of medical specimen
transport, (2) identify its problems, (3) design the handling system by using Automated
Guided Vehicle (AGV) and (4) test the competencies through Quality Conversion
Function (QFD), the FSUDEE product analysis, and a postural ergonomic analysis to
make a decision on the design.

The research results were as follows: (1) regarding the medical specimen transport
at four stations before improvement, it showed that the staff were tired from delivering
the medical specimens. The average of the abnormal index (Al) was over 3.25. (2) After
the improvement of the medical specimen transport via AGVs, the abnormal index was
equal to 0. (3) With the efficiency of the AGVs which were programmed on Arduino IDE
and inserted with sensors to control their performances, the vehicles could run along
the lines at a speed of 1 m/sec. The type of the battery used in the experiment was
the 12-volt 50 Ah/hr with 12 hours of battery life per charge. The stopping accuracy
reached 90% and the load capacity was 10 kg. From the economic analysis, it indicated

that AGVs could be a substitute for human labor.
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This research aimed to study and develop the differential evolution for flexible job
shop scheduling problem (FJSP). The developed algorithms was evaluated to find a
solution and the best answer for operation time reduction. Then, it was compared with
the meta-heuristics from the literature review.

For the investigation of FJSP process, the change of coordinates was adjusted using
the differential evolution with local search. Furthermore, it was compared to the
problem group with the makespan and the mean relative error (% MRE) was invested.
It was found that the sample group of Kacem et al. was a small problem group. The
adjusted value of "DE/rand/1" and exponential crossover 2 position and “DE/best/2"
and exponential crossover 2 position was at the %MRE of 1.43. The Brandimarte was a
medium-size problem. The value adjusted with "DE/rand/1" and exponential crossover
2 position obtained a mean relative error of 6.47. Moreover, the sample group of
Dauzere-Pere and Paulli was a large problem group with the adjusted value of
"DE/rand/1" and binomial crossover (baseline) that resulted in a mean relative error of
13.52. The comparison between DE and other methods indicated that the mean
relative error was lower than the finding of Girish and Jawahar (2009) with the PSO
method as 7.75. The improvement of DE resulted in 5.08, which was lower than that

of Chen et al. (1999) using the GA method. The %MRE was 2.08. The DE improvement
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was 5.08, which was higher. However, there were some problems that came up equally
to and better than the makespan.

Therefore, the results indicated that when comparing to the other meta-heuristic
methods, the further performed DE by using basic DE and improved DE were effective

methods. Hence, it could be used to solve FJSP.
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The objectives of this research are to study tool wear mechanisms and patterns in
fabrication of aluminum surface composites reinforced with silicon carbide particles by
friction stir processing and to develop a method for a monitoring tool wear during the
fabrication of aluminum surface composites. First, the experiment for finding the
preliminary parameters was conducted. Next, the design of experiment for multi-
objective optimization using Grey relation analysis was utilized to predict the optimum
combination of the friction stir process parameters and to achieve maximum tensile
strength and minimum tool wear rate. Last, previous experimental results were
employed in the design of the tool wear monitoring system using the vibration signal
during the process.

The results showed that the tool wear mechanism of aluminum surface
composites by friction stir processing is a three-body abrasive wear. The number of pass
factors has the highest influence on tool wear. The appropriate level of multi-objective
optimization using Grey relation analysis is at the number of pass during the 2™ pass,
rotational speed at 1000 RPM, and the traverse speed at 30 mm/min. When applying
such factors to analyze the vibration signal at frequency 33.5 Hz and 50.1 Hz, it was
found to be quite a suitable condition for the analysis of tool wear in fabrication of
aluminum surface composites by friction stir processing. In other words, vibration signals
tend to decrease clearly when the tool wear rate increases as the increasing of traverse

distance.



