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ABSTRACT
TITLE : STUDY ON EFFICIENCY OF HYBRID SOLAR COLLECTOR
AUTHOR : YADA PROMSOAP
DEGREE : MASTER OF ENGINEERING
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASSOC. PROF. UMPHISAK TEEBOONMA, Ph.D.
KEYWORDS : PV/T COLLECTOR, THERMAL EFFICIENCY, ELECTRICAL EFFICIENCY,

SOLAR RADIATION

This research sought to study the efficiency of a flat-plate photovoltaic
/thermal (PV/T) collector. The PV/T collector had an area of 1.0 m2 and a solar
module with a maximum electric power of 100 watts. These were designed and built
for use in combined solar panel array performance tests and for applications in
conjunction with solar dryer testing. The test was conducted under the following
conditions: the incident energy was 400, 600 and 800 watts per square meter with
wind speeds of 1.0, 1.5 and 2.0 meters per second, respectively. The parameters used
as criteria for the study were thermal, electrical, and overall efficiency, drying rate,
specific energy consumption, and dryer efficiency. The results of the study found that
when the incident energy or wind speed increases, this results in increased thermal,
electrical, and overall efficiency. In addition, the results showed that the overall
efficiency of the system was as high as 55.5%. In the solar dryer test section, the
results demonstrated that as wind and energy speeds increased, drying rates
decreased and the specific energy consumption increased. Finally, the results of the

experiment showed that the maximum efficiency of the solar dryers was 4.10%.
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ABSTRACT

TITLE : MATHEMATICAL MODELING DEVELOPMENT FOR COARSE GRAINED
SOIL PERMEABILITY DETERMINATION USING MAXIMUM
ORIENTATION RATIO

AUTHOR : TEERAPHAT RATHAHIRANROT

DEGREE : MASTER OF ENGINEERING

MAJOR : CIVIL ENGINEERING

ADVISOR : CHARTRABHUMI VIRATJANDR, Ph.D.

KEYWORDS : PERMEABILITY MODEL, VOID RATIO, COASRE GRAINED SOIL,

GRAVEL, SAND

This research aims to develop a mathematical model for the permeability of
coarse-grained soils such as gravel and sand. In order to predict soil permeability,
grains were divided into two ranges, from 0.2 mm to less than 2 mm, which was used
to predict the permeability of very coarse, coarse, medium-coarse, and some fine
sand ranging from 2 mm to 12 mm. The research has presented a model of
permeability by using the maximum orientation ratio or ﬁ model". An upper
boundary maintains absorption where the soil is arranged in the loosest state and a
lower boundary where the soil is arranged in the densest state. B is the proportion of
soil in the loosest state (The gap ratio in the loosest condition is 0.92 according to
theory) and (1- B) is the proportion of soil in the densest condition. (The gap ratio in
the densest condition is 0.35 according to theory.) Any gap ratio between 0.35 to 0.92

will be simulated as a combination of the loosest and densest arrangement, which

can be calculated B from any gap ratio. From this and past research, the soil

simulation is a stable size, showing the relationship between the absorption and the

gap ratio. The B model of absorption depends on both the maximum and the

minimum absorption, which is the function of the gap, and hence, the effectiveness
of the soil. Therefore, the B model of absorption can be used to predict the

absorption of coarse soil of 0.2 millimeters to 12 millimeters, arranged at different

gap ratios. The B model of absorption method can predict the absorption of the sail,
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gravel, coarse, and very coarse, medium, and some fine sand. The dyq has been used

as a parameter in the B model to predict the permeability of soil because di, is the

fine part of the soil that controls flow through the soil.
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ABSTRACT
TITLE : REMOVAL OF DYE FROM WASTEWATER USING COMPOSITE BEAD:
GELATIN/MONTMORILLONITE CLAY
AUTHOR : THANAIRAT FAKTHAISONGDECHAKUL
DEGREE : MASTER OF ENGINEERING
MAJOR : ENVIRONMENTAL ENGINEERING
ADVISOR : ASSOC. PROF. CHAKKRIT UMPUCH, Ph.D.
KEYWORDS : COMPOSITE BEAD, REACTIVE BLACK 5, GELATIN,

MONTMORILLONITE CLAY MODIFIED, ABSORPTION

The objective of this research was the adsorption of Reactive Black 5 (RB5) dye
on composite pellets (Mo-T-Gel). Mo-T-Gel is made from montmorillonite clay,
modified with surfactant (Mo-T) and pelletized with gelatin (Gel). The specific surface
area, average pore diameter, and total pore volume of Mo-T-Gel are less than those
of Mo-T. IR analysis results show that Mo-T-Gel's IR spectra indicate the presence of
Gel and Mo-T peaks. Adsorbent morphology revealed that the outer surface of Mo-T-
Gel showed the presence of Mo-T particles adhering to the surface. Elemental
analysis of the adsorbent showed that the carbon content of Mo-T-Gel was higher
than that of Mo-T, which confirmed that Mo-T-Gel consists of Gel and Mo-T. The
point of zero charge for the Mo-T-Gel is 7 .5 4 . Batch experimental results
demonstrated that the percentage removal of RB5 dyes of Gel, Mo-T-Gel, and Mo-T
were 6.31, 94.39, and 95.62, respectively. The maximum adsorption content of Mo-T-
Gel was at pH 2.04 with an exposure time of 180 min, an initial dye concentration 200
mg/L and temperatures in the range of 30 - 50 °C. It was observed that the influence
of temperature on adsorption capacity was minimal. The experimental data conform
to the Langmuir isotherm and pseudo-second order reaction model. The maximum
monolayer adsorption capacity was 33.22 g/g. From the above results, the pelletizing
of Mo-T to Mo-T-Gel still maintains adsorption efficiency. Mo-T-Gel can be used as an

effective adsorbent for RB5 removal from wastewater.
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ABSTRACT
TITLE : ASSESSMENT OF THE REDUCTION OF GREENHOUSE GAS EMISSIONS
FROM SOLID WASTE MANAGEMENT FOR A LARGE COMMUNITY
AUTHOR : NITTAYA KOSA
DEGREE : MASTER OF ENGINEERING
MAJOR : ENVIRONMENTAL ENGINEERING
ADVISOR : ASST. PROF. SOMPOP SANONGRAJ, Ph.D.
KEYWORDS : GREENHOUSE GAS, SOLID WASTE MANAGEMENT

The objective of this research was to study the quantity and composition of solid
waste to assess the reduction of greenhouse gas emissions for a large community.
From the results of the study, it was found that the composition of solid waste that
has been sorted out at the source for a large community with a population of 1,586
people for the fiscal year 2020 had 29,590.05 kg of organic and food waste,
representing 69.27%, followed by glass bottles and plastics at 10,520.50 kg and
1,509.30 kg accounting for 24.63% and 3.54% respectively. The incidence of
segregated solid waste was 0.07 kg/person/day. In order to assess reductions of
greenhouse gas emissions for operations management, the total solid waste was
found to be equal to 41,111.78 keCO,eq. The method with the greatest reduction in
greenhouse gas emissions was to use food and vegetable scraps for animal
husbandry. The amount of greenhouse gas reduced was 16,812.09 kgCO,eq
accounting for 40.89%, followed by composting and making bio-fermented water
from vegetable and food scraps. The reduction in greenhouse gas emissions was
7,733.82 kgCO,eq and 7,414.60 kgCO,eq, equal to 18.81% and 18.04%, respectively.
The reduction of greenhouse gas emissions from solid waste management operations
was 0.07 keCO,eq/person/day. From the results of this study, the data can be used
for preparing a problem-solving plan and reducing the amount of greenhouse gas

emissions for other communities.
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ABSTRACT
TITLE : TREATMENT OF PARA RUBBER WASTEWATER USING COMBINATION
OF FENTON AND OZONATION PROCESS
AUTHOR : YAOWALAK WONGKAMCHAO
DEGREE : MASTER OF ENGINEERING
MAJOR : ENVIRONMENTAL ENGINEERING
ADVISOR : ASSOC. PROF. WIPADA DECHAPANYA, Ph.D.
KEYWORDS : PROCESS, OZONE, PARA RUBBER WASTEWATER, CENTRAL

COMPOSITE DESIGN

This research investigated the determination of optimum conditions for treating
para rubber wastewater by using the combined Fenton and ozonation process and by
employing a central composite design (CCD) as an experimental design. The
experiment was divided into 2 parts. The first part studied the optimal conditions of
para rubber wastewater treatment by the Fenton process. The factors studied were
the mass ratio between H,O,: FeSO, 7H,0 5:1, 10:1, 15:1, with contact times of 30, 60,
and 90 min. From the results, H,O,:FeSO, 7H,O at 5:1 and a contact time of 90 min
yielded the highest COD removal efficiency of 78.46+0.17 %. For TDS treatment, it
was found that H,O,: FeSO,4 7H,0O 5:1 and an exposure time of 30 min resulted in a
maximum decrease from the initial values. The removal efficiency was 3.31+0.08 %
while the SS value in para rubber wastewater increased after being treated by the
Fenton process. The experiment in Part 2 studied the optimum conditions of rubber
wastewater treatment by Fenton and Ozonation co-processing. The factors studied
were the different ozone output rates at 600, 800 and 1000 meg/hr, with exposure
times of 30, 60, and 90 min. It was found that at the ozone spray rate used in the
treatment was 800 me/hr, the highest COD removal efficiency was in the range
94.70+0.02-98.12+0.07 %, while the TDS and SS values increased when treated with

Fenton and Ozonation processes.
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ABSTRACT
TITLE : ADSORPTION OF LEAD (Il) USING COMPOSITE PECTIN FILMS FROM
PASSIFLORA EDULIS PEEL
AUTHOR : SUPAMITTRA KHAMPALA
DEGREE : MASTER OF ENGINEERING
MAJOR : ENVIRONMENTAL ENGINEERING
ADVISOR : ASSOC. PROF. CHAKKRIT UMPUCH, Ph.D.
KEYWORDS : LEAD, ADSORPTION, PECTIN COMPOSITE FILMS, PECTIN FILMS,

MONTMORILLONITE CLAY

The purpose of this study is to adsorb lead (Il) using a composite pectin film (CN
film) containing pectin derived from passion fruit peel (Passiflora edulis) and
montmorillonite clay (MMT). The research was divided into 2 parts. First, the physical
and mechanical properties of the adsorbents were determined. The CN film has a
smooth, flat surface, whereas the MMT film is highly porous. CN film has a smaller
specific surface area than MMT, but its average pore size is larger. Functional groups
discovered on the surface of MMT can also be found on CN film. CN film has a higher
carbon content than MMT. The mechanical properties of the CN film are superior to
those of the pectin film (PN film), such as higher tensile strength and a higher
percentage of elongation at break. Second, the optimum condition for lead (Il)
adsorption on CN film was determined. A contact time of 150 minutes with a
temperature of 40 °C and an initial lead (Il) concentration of 100 meg/L, with an initial
pH of 5.0 was found to have the highest adsorption capacity at 109.15 meg/g. In
addition, the results were more consistent with the Langmuir isotherms than the
Freundlich isotherms, indicating monolayer adsorption. The data correspond to the
pseudo-second order reaction equation, indicating that the rate of reaction on the
adsorbent surface is a rate-determining step. Using 0.1 M HCl as an eluent, the highest
percent desorption of lead (Il) was recorded at 90.54 percent. The findings indicate

that CN film is an effective adsorbent for adsorbing lead (Il) in synthetic wastewater.
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ABSTRACT
TITLE : TRANSFORMATION OF PLASTIC WASTE TO FUEL USING
MICROWAVE PYROLYSIS
AUTHOR : SUPAMITTRA KHAMPALA
DEGREE : MASTER OF ENGINEERING
MAJOR : ENVIRONMENTAL ENGINEERING
ADVISOR : ASST. PROF. SOMPOP SANONGRAJ, Ph.D.
KEYWORDS : MICROWAVE PLASTIC PYROLYSIS, MICROWAVE ABSORBER,

ACTIVATED CARBON, CHARCOAL

The objective of this research is to study factors affecting liquid products
obtained by pyrolysis of plastic waste by microwave and the properties of the
resulting liquid products. From the results of the study, it was found that the most
appropriate quantity and type for the microwave absorber is 5% activated carbon.
The type of plastic waste affects the quantity and chemical composition of the
resulting liquid product. The PS-type plastic waste yields the highest percentage and
production rate (per gram of plastic) of the liquid product that is equal to 62.40 and
0.016 mU/min, respectively. Most of the chemical composition is C5 - C8, however,
the appropriate size of the reactor for the production process should be further

developed.
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ABSTRACT
TITLE : A STUDY AND DEVELOPMENT OF APPLICATION FOR RECYCLED
WASTE COLLECTION WAREHOUSE
AUTHOR : CHAVALIT BUAPROM
DEGREE : MASTER OF ENGINEERING
MAJOR : INDUSTRIAL ENGINEERING
ADVISOR : ASST. PROF. THANCHUDA PHANNIKUL, Ph.D.
KEYWORDS : RECYCLED WASTE COLLECTION WAREHOUSE BUSINESS, RECYCLED

WASTE, CUSTOMERS, APPLICATION

This research investigated the operational procedures of a waste recycling
collection warehouse business by studying current working conditions, starting from
the process of receiving an offer from customers through to the process of going out
to receive waste from customers. It was found that among the work procedures of
staff who went out to buy waste from customers, many operations were complicated
and redundant and also on the side of the accounting staff, whether in recording
data, calculations, or summarizing various types of waste. This research is the
development of an application to support recycled waste collection warehouses to
optimize their work processes by applying ECRS principles to improve operational
efficiency, starting with the use of industrial engineering techniques, consisting of the
study of operational procedures, flow charts, operational process charts, cause-and-
effect diagrams, 5W 1H analysis, and applying ECRS principles to find ways to improve
performance, then designing and creating applications. The researcher designed an
application with the AppSheet program to link the database with Spread Sheet, an
online database storage system. The system can record purchases and calculate
transactions, create receipts, and send notifications via Line and E-mail programs to
relevant parties within the organization.

The results of the application development, compared with conventional
operating procedures, showed that the work process of the conventional waste

purchasing staff employed 7 steps that were reduced to 4 steps, decreasing work
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time 547.41 seconds, accounting for a 43.32 percent decrease. Previously, the work
process of accounting staff had 8 operational procedures which were reduced to 6,
and the time taken was reduced 821.46 seconds, a 57.09 percent reduction. The
sample’s overall satisfaction with the application was at a high level with a mean of

4.19 and a standard deviation of 0.46.
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ABSTRACT
TITLE : THE STUDY ON CRASHWORTHINESS IMPROVEMENT OF HELMET
USING NATURAL RUBBER
AUTHOR : KUNANON SAKKAMPANG
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASSOC. PROF. CHAWALIT THINVONGPITUK, Ph.D.
KEYWORDS : IMPACT TEST, IMPACT LOAD, ACCELERATION, HEAD INJURY

CRITERION, FINITE ELEMENT ANALYSIS

The objective of this study was to examine the use of para rubber sponge as an
impact absorber in motorcycle helmets. There were three types of helmets used in
this study: a half-face, open-face, and full-face helmet. The specimens were
reinforced with two different patterns of rubber sponge: full area reinforcing and
Oregon Aero reinforcing. The thickness of the rubber sponge ranged from 1 cm to 1.6
cm. The reinforced helmets were examined by using an impact testing machine. A 10-
ke hammer was freely dropped at the speed of 4.85, 5.42, 5.94, and 6.26 m/s to
investicate the effect of the impact load. The impact load was then studied by a
standard helmet test method at 5.94 m/s for the half-face helmet, and 7.67 m/s for
the open-face and full-face helmet to study Peak Acceleration (PAcc) and Head Injury
Criterion (HIC) values. The results of all cases were analyzed and compared through a
Finite Element Analysis (FEA) model. The results of this study revealed that the
helmets that were reinforced with this rubber sponge can reduce impact loads in all
cases. This can reduce the maximum load by up to 42.91%, and a full-face helmet
has the ability to provide the best shock absorption. As for the results of PAcc and
HIC values, the rubber sponge reinforced helmet can reduce the maximum
acceleration (PAcc) and HIC values to better than the standard value used
commercially. When the results of the laboratory experiments were compared with
the results from the model by Finite Element Analysis (FEA), it was found that the

results were similar to the results of the experiments in all cases. Finally, it can be
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concluded that all helmets reinforced with this rubber sponge can reduce the impact
load in the helmet, but the weight and comfort for the users must be taken into
consideration. A helmet with 1-cm rubber sponge reinforcement is most suitable for

users.
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ABSTRACT
TITLE : THE STUDY ON CRASHWORTHINESS OF HYBRID AL/CFRP TUBE
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ADVISOR : ASSOC. PROF. CHAWALIT THINVONGPITUK, Ph.D.
KEYWORDS : HYBRID TUBE, CRASHWORTHINESS, IMPACT LOAD, FINITE ELEMENT,

CFRP

This research study aims to study the structural behavior of aluminum tubes clad
in carbon fiber reinforced plastic (AL/CFRP) under axial impact. This was done with an
aim to study the influence of the angular orientation of the carbon fiber layers, the
number of layers of carbon fiber filament, and how the stacking sequence of carbon
fibers affects structural damage behavior. In this study, specimens were constructed
of cylindrical aluminum tubes with a diameter of 44.45 mm, a thickness of 1.15 mm,
and a length of 100 mm, covered with 1, 2, and 3 layers of carbon fiber reinforced
plastic (CFRP). Specimens were tested with an impact testing machine. The weight of
the hammerhead was 30 kg, released from a height of 2.43 m with a collision velocity
of approximately 6.9 m/s. The failure mode, maximum load, and the average test
load were recorded and used for analysis. In addition, finite element analysis was
modeled and the results were compared with experiments under the same
conditions. The simulation results for all study cases accorded well with those
experiments. The results showed that the AL/CFRP hybrid tube had better shock
resistance than the bare aluminum tube in all cases. The values of maximum and
average loads and energy absorption were likely enhanced by increasing the number
of fiber layers. On the influence of the superposition sequence and fiber angle
placement, it was found that a 45-degree fiber angle arrangement had little effect on
the load value, whereas the 0 and 90-degree fiber angle arrangement provides better

load values. It was also found that a specimen with an innermost 0-degree fiber angle
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placement coupled with a 90-degree fiber angle placement on the outermost layer
has the best ability to withstand impacts. It could be concluded that the fiber angles
of 0 and 90 degree and it was combination as well as it was stacking sequence highly

affected to the collapse mode and the crashworthiness capacity of hybrid tube.
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TITLE : CHARACTERISTIC OF UNDER WATER SHOCK WAVES AND IT’S
APPLICATION FOR YIELD ENHANCEMENT OF PALM OIL
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UNDERWATER SHOCK WAVE, FOCUSED SHOCK WAVE, OIL PALM

The objective of this research is to propose methods to increase palm oil yield.lt
uses non-reflective underwater shock waves (USW) to assist with palm oil extraction.
The USW destroys the oily tissue cells thereby leading to the subsequent oil
extraction process. In this research, a prototype underwater shock wave generator
was designed and built, while the Schlieren technique was used to observe the
unstable phenomena of shock wave propagation. Underwater shock waves are
produced by means of a high voltage electric discharge (HVED) method with and
without a reflector. Electrodes with diameters between 3, 6, and 9 mm, gaps at
intervals of 1, 2, 3, 4, and 5 mm, and samples placed at positions 10, 30, and 50 mm
were tested with high-voltage charges ranging from 2, 4, 6, 8 to 10 kV. The pressure in
the water was measured by polyvinylidene fluoride (PVDF). Test samples were palm
oil fruit where the oil was extracted by the screw press method and solution
experiments (petroleum ether) were the final products. The damaged characteristics
of the cell wall structure were observed by a scanning electron microscope (SEM).
The effect of water temperature, voltage, and the number of pulses were also
studied. CFD simulations were also performed to examine the shock wave
phenomena and its generated pressure. From the experiments, it was found that the
optimum electrode diameter and the electrode gap for non-reflective and reflective
discharges were 6 mm and 2 mm respectively, for the preferable sample position of

50 mm. The oil palm fruit was extracted by screw press compared to the USW-
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treated samples and untreated USW samples without reflector assistance prior to the
oil extraction. USW was treated at 2, 4, 6, 8, and 10 kV discharges and the untreated
samples were 64.33, 64.66, 65.08, 65.23, 66.35, and 64.37%, respectively, while the
solvent extractions (Petroleum ether) were 66.18, 66.58, 67.00, 67.44, 70.38, and
66.21%, respectively. The oil yield percentage of screw press extraction and solvent
extraction can be increased by 3.1 and 6.3%, respectively. The free fatty acid values
were 3.28, 3.41, 3.46, 3.61, 2.79, and 3.71%, found to be in the standard range (< 5%),
respectively. The acid values (AV) were 7.18, 7.46, 7.57, 7.88, 6.11, and 8.11%,
respectively. The SEM which was used to observe the structure found structural
damage to the cell wall and some oil spilled over the surface by using the USW
treatment. This is caused by damage to the cell wall structure of the oil palm fruit
due to being subjected to USW. In a study of the phenomenon of the USW generated
by point-to-point electrodes, three shock waves were generated with pressures of
46.28, 41.97, and 19.10 MPa, and point-to-plate electrodes were found, and it was
determined that two shock waves were formed with the following pressures of 37.33
and 4.85 MPa. Moreover, studies of the USW phenomenon using a semi-elliptical
reflector revealed that pressure waves were generated underwater. The impact
pressure of the first and second appeared near the focus point (F2) were 21.40 and
31.99 MPa respectively. The study of the effect of water temperature, voltage, and
the number of submersible shock waves suitable for use in the sterilization process
showed that 60°C, 5 kV, and with 5 pulses, give a hardness value of 2.56 N, which is
close to 2.13 N sterilization. Therefore, it is feasible to use underwater shock waves to

aid in the extraction of palm oil or other agricultural raw materials.
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Microalgae cultivation in municipal wastewater is an environmentally friendly
approach for water pollution reduction and can be used to produce carotenoids, a
bio-product with high market value. The objectives of this research were to determine
the optimal initial cell density efficiency in synthetic municipal wastewater treatments
which are similar to secondary treatments of standard municipal wastewater for TN
(total nitrogen), TP (total phosphorus), and COD, and produce carotenoids by
microalgae Chlorococcum humicola (TISTR 8551) cultured in a 10 L ALPBR light
bioreactor. It was found that the optimum initial cell density for microalgae was a
figure of 6.12x10° + 0.28x10° cell mL™ most suitable for synthetic wastewater having
a TN:TP molar ratio of approximately 22.8:1. The TN, TP and COD concentration
during a 7 day period was in accord with the standard wastewater treatment, and the
efficacy for treating TN, TP and COD measured at a middle stationary growth period
was 95.21, 93.35, and 28.29 percent, respectively. An extension the microalgae
cultivation period for 15 days commenced from the end of the ninth cultivation day,
with a residual concentration of TN remaining in the synthetic wastewater at about
5% of the initial concentration. This resulted in a 10.0% increase in specific carotenoid
yields compared to 14-day batch cultures. This was due to TN deficiency during the
extended period of cultivation. Increasing the light intensity and salinity level of the

synthetic wastewater with the addition of NaCl salts stimulated the microalgae to
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produce more carotenoids. By increasing the intensity of light from 3,500 to 60,000
lux in combination with the addition of NaCl in the treated synthetic wastewater to a
total concentration of 300 mM, conditions were found to be optimal for carotenoid
production. Specific carotenoid yields increased by 41.4% in the instance of TN
deficiency. These results suggest that the microalgae Chlorococcum humicola has the
potential for further treatment of secondarily treated municipal wastewater and to

produce carotenoids, both of which can be performed in succession.



15049 . WISAMBSNMUNLANFINTUTOYF VU LN DULALANIULUUNIUVDY

avglilounauvaniwewds 1nsn 5083

ARl : nalng wnlaed
Bouseya : USway1nuf Unudin
RN D APINTIUGAFINNNT

el = PR ¢ a a a
9191380 JEAEnsI9NTed AsAnfin Aalw
AdAey . ozglilleunauviaonivednla insn 5083, NSTBNEEAVULUUNIY,

TNINT, Mdwesnmuzay

nfenSsililunsiduidmeass finguszasdlilafnudnsnaveaniimedveinis
Fouinadoauiinina lassairanslavgingt wasmisiwoiimngandmiusossevu
TunsiSeudsanuuvuniuvesergfiiflonnaumasisvesuds 1nsa 5083 JiAs1zviAAIL
udauseds Arauuds Aranuudeundsieninudnazlnsiaiisgania mwndinesn
wmnnzaulagldmaiia Taguchi LaEN1TIATIERAIULUTUTIU (ANOVA) NANISITENUIN
wisimomnzandviuAnnuudusis de anusiseunivyuveaeiesieiien
1000 s0UsBWIT AmIFUAdouTnIsTey 10 Tadmnsiound uazgunsawouaiosieidon
sUnsINszUBMAADY Trnauudaussia wihit 235.2 MPa uenand Anadsnuudeiing
Tgunu fie AIISITeUNM Iy UYRNATailelen 1200 Sousdounil ATMISIAGRUTINNTITeN
10 fladnsseund uargunsseuaiesilodongunsinszueninden fidadsauuduina

(Y s

19U W1HU 80.6 HV a1nNadwsnlaann ANOVA wuan A5 AAeunn1sten 1Ju

v Aaa a 1

wsfiwesnszuiunsiddyiifidvsnademanuudusais Tunnsedudia lifinnsniwes
Tafifidnsnanernaisaundiuinalouniy egrdvedidynieadfivisedu 0.05 119
nsraaeulnglindesganssAudidnaseunuudeinsin (SEM) wazdndisdaiuniasalauuuy
nsvaendw (EDS) wandliifiulassadansuiienituuaziiin Void defect fivatefiugu
Advancing Tuu3ailauniu msnszarseuniadauaiiaue Ussnoudewa ALO; uay

wa SiO, uanani Usuavessig C, O, Al F uag Mg anasnuanu



4434

ABSTRACT
TITLE : OPTIMIZED PARAMETERS FOR BUTT JOINT IN FRICTION STIR
WELDING OF SEMI-SOLID ALUMINUM ALLOY 5083
AUTHOR : KONKRAI' NAKOWONG
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : INDUSTRIAL ENGINEERING
ADVISOR : ASST. PROF. KITTIMA SILLAPASA, Ph.D.
KEYWORDS : SEMI-SOLID METAL (SSM) 5083 ALUMINUM ALLOY, FRICTION STIR
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This research is experimental. The objective was to study the influence of
welding parameters on the mechanical properties, metallurgical structure, and
optimal parameters for butt joints in friction stir welding of semi-solid aluminum alloy
5083. The tensile strength, hardness, fatigue strength, and microstructure were
analyzed. Optimal parameters were determined using Taguchi and Analysis of
Variance (ANOVA) techniques. The results revealed that the optimal parameters
obtained for tensile strength were a tool rotational speed of 1000 rpm, a welding
speed of 10 mm/min, and a threaded cylindrical tool pin with a tensile strength of
235.2 MPa. In addition, the average hardness values in the stirring zone (SZ) were a
tool rotational speed of 1200 rpm, a welding speed of 10 mm/min, and a threaded
cylindrical tool pin with a mean hardness value in the SZ of 80.6 HV. According to the
results obtained by ANOVA, it was found that the welding speed was the most
significant process parameter in terms of influencing the tensile strength. On the
contrary, no parameter influenced the average hardness values in the SZ at a
statistically significant 0.05 level. The examination using scanning electron microscopy
(SEM) and an energy dispersive X-ray spectroscope (EDS) revealed an elongated grain
structure and void defects at the pin tip on the advancing side (AS) in the SZ. The
particle distribution was uniform with Al,O5 and SiO, phases. Moreover, the quantities

of C, O, Al, F, and Mg decreased accordingly.
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DEVICES

This research aimed to design vertical lifting devices in the healthcare industry.
Quality Function Deployment (QFD) was applied to design vertical lifting devices that
can meet users’ requirements. Methodologically, the first step was to collect
information about the users who are the staff at the blood component preparation
department of the Blood Transfusion Centre, Srinagarind Hospital, Khon Kaen, and to
study the design of vertical lifting devices with an appearance and function that meet
user needs. Second, the researcher identified the “Voice of the Customer” (VOC) and
drew up questionnaires to determine the important requirements according to user
ratings. Moreover, user requirements and ratings were analyzed by means of QFD.
This technique consists of 2 matrices: (1) a planning matrix that translates user
requirements into technical specifications and (2) a part deployment matrix that
translates technical specifications into technical goals applied to design vertical lifting
devices to fulfill users’ needs. The results of the research indicated that the top 5
most important technical targets are 1.) qualified device controllers (18.54), 2.) strong
and no-slip wheels (18), 3.) eco-friendly materials (16.05), 4.) a flexible system (12.64),
and 5.) durability of parts (11.07).
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The objective of this research is to propose methods and experimental results
from using expired gold wire welding heads in the gold wire welding process for IC
packaging production using an experimental design to determine optimal conditions
for the manufacturing process. The research studied the two types of standard values
for gold wire welding: tensile and shear strength. Five factors expected to affect the
standard of gold wire welding were studied: welding pressure (bond force), welding
time (bond time), energy values used in ultrasonic vibrations (USG Power), current
emitted through Electronic Flame Off (EFO) to melt gold wire (EFO current), and the
distance between the EFO and the gold wire provides the wire melting range (EFO
gap). Results indicated that the one factor that had a statistically significant effect on
the standard value of gold wire welding when reusing a gold electrode was the
welding pressure (bond force). The optimal conditions for tensile stress are a gold
wire welding pressure (bond force) at 82 g., the duration for gold wire welding (bond
time) was 2.1 ms. resulting in maximum tensile strength of 23.62 ¢. and optimal
conditions for gold wire welding shear strength is pressure (bond force) at 90 ¢., gold
wire welding duration (bond time) was 1 ms, energy values used in ultrasonic
vibrations (USG current) were at 50 mA., the EFO current emitted to melt gold wire
(EFO current) was at 50 mA. and the distance between the EFO and the gold wire

provides a wire melting range (EFO gap) of 35 p and results in maximum shear
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strength of 54.13 g. By employing such optimum conditions, the expired gold wire
welding heads can be used 56% more without affecting the quality of the work piece

produced.
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The research studied the friction stir welding (FSW) of semi-solid cast aluminum
alloy 6063 affecting weld quality. The variables in the experiment involved rotation
speeds at 1110, 1320, 1750, and 2200 rpm, welding speeds at 30, 60, 90, and 120
mm/min, and the pin tool’s geometric shape - cylindrical, triangular, square, and
pentagonal respectively. Welded rectangular samples with dimensions of 75x150x6
cubic millimeters were prepared. The results showed that the physical characteristics
of the samples after FSW were different, however, the samples from all experiments
were strongly bonded. With a rotational speed of 1320 rpm and a 60 mm/min
welding speed, the average maximum tensile strength was 123.59 MPa, with 82.95
percent joint efficiency. In contrast, the use of the triangular tool at a rotational
speed of 1100 with a 120 mm/min welding speed resulted in a minimum average
tensile strength of 47.93 MPa, and 32.17 percent joint efficiency. The results of
thermal analysis using finite element methodology revealed that at the area of the
SZ (under the shoulder of the tool) the maximum temperature change was about

530°C. Microstructural examination revealed that the base particles of the solid
solution of AlsFeSi were 79-114 Mm in size, and when fractured by thermal and
mechanical forces, the size was reduced to 8-13 Um and became finely grained.

Finally, the statistical analysis of the tensile strength had a significance level (Q) of

0.05 with a coefficient of determination (R?) of 95.09 percent.
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This thesis aims to examine the measurement system, extraction process and
overall evaluation of laboratory blood separation at Central Blood Storage, Srinagarin
Hospital. The principal problems found were that the machines are inefficient,
expensive, complicated to use, have limited operating conditions and are not worth
the investment. Engineering tools were applied to help gather information and
analyze problems, identify the cause, find solutions and selecting the appropriate
solution. The research began by assembling the factors affecting the design of the
blood separator. Expert brainstorming confirmed the correct results. The factors
obtained were then categorized as “primary” and “secondary”. Consistent, relevant,
and applicable factors were examined leading to a design and development process
that applied the qualitative function conversion (QFD) principle with hierarchical
analysis (AHP) by demand conversion, which can be obtained from the above factors.
The experts prioritized the needs of the consumer as the first principle of quality. The
researcher then demonstrated a step-by-step application of QFD until getting a
blueprint and creating a prototype to check the appropriateness of the process. The
prototype was used to ascertain its appropriateness for consumer use along with an
analysis of the accuracy of the blood separator. The top five categories for prototype
operation were 1) ease of cleaning, 2) accuracy of blood cell contamination readings

3) plasma detection, 4) reduction of work time and 5) ease of operation. The
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validation of the results showed the effectiveness of the prototype. This resulted in a
50% reduction in the price and weight of the prototype machine. It was found to be

cost-effective, and convenient to use. The working position is also easily adjusted.
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This research presents a new algorithm for finding the most promising
parameters of friction stir welding to maximize the ultimate tensile strength (UTS) and
maximum bending strength (MBS) of a butt joint made of semi-solid metal (SSM)
ADC12 aluminum. The relevant welding parameters are rotational speed, welding
speed, tool tilt, tool pin profile, and rotation direction. The researcher used a multi-
objective variable neighborhood strategy adaptive search (MOVaNSAS) to find the
optimal parameters. The D-optimal is used to find the regression model to predict for
both objectives subjected to the given range of parameters. Subsequently,
MOVaNSAS is used to find the Pareto front of the objective functions, and the
Technique for Order Preference by Similarity to the Ideal Solution (TOPSIS) is used to
find the most promising set of parameters. The computational results show that the
UTS and MBS of MOVaNSAS generate a 2.13 to 10.27% better solution than those of
the genetic algorithm (GA), differential evolution algorithm (DE), and D-optimal
solution. The optimal parameters obtained from MOVaNSAS are a stirring tool rotation
speed of 1469.44 rpm, a welding speed of 80.35 mm/min, a tool tilt of 1.01° a tool

pin profile as cylindrical, and a clockwise rotational direction.



