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Abstract

The results of the using of toddy palm pulp powder form added to steamed buns using ratios
of 0, 10, 20 and 30 %. It was found that from the sensory quality measurements of steamed buns by
supplemented toddy palm pulp powder was 10%. As the results of chemical quality analysis of 10%
steamed buns by supplemented toddy palm pulp powder was found that the total energy content
was 296.25 calories per100g., the moisture, ash, protein, fat and carbohydrate was 39.64, 0.69, 5.33,
5.70 and 55.38 %, respectively. The results of physical quality analysis of 10% steamed buns by
supplemented toddy palm pulp powder showed that water activity (a,,) 77.38, brightness (L*) 10.27,
red (a*) 36.25, yellow (b*) 3,421.50 respectively, Hardness 0.85 ¢ force, Springiness 86.25 %,
Chewiness 1,314 g force and Cohesiveness 46.09%. From consumer acceptance testing of 40 testers,

90 % of them accepted in this product.

Keywords : Formulation Development; Toddy Palm Pulp Powder; Steamed Buns
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Abstract

This study was conducted to determine the effects of plant growth regulators on in vitro propagated
plantlets and microrhizome inductions of Curcuma comosa Roxb. for an efficient development of plant
regeneration. In vitro sprouted shoots (2 cm length) of C. comosa were incised in longitudinal section and
subcultured on MS media supplemented with 3 mg/L BA for shoot multiplication and plant regeneration.
Subsequently, the regenerated plants were transferred to MS medium with various concentrations of plant
growth regulators; BA (1, 3, 5 mg/L), kinetin (1, 3, 5 mg/L) and TDZ (0.5, 1, 1.5 mg/L). The result showed that MS
medium supplemented with 3 mg/L BA was the most effective in shoot induction with the significantly
maximum average number of 2.11 shoot buds per responding explant. Moreover, MS medium supplemented
with 1 mg/L BA produced the longest average of shoot bud explants (12.99 cm), while the basal MS medium
induced the longest average of root multiplication (6.63 cm). Furthermore, microrhizome induction was
produced under in vitro conditions derived young shoot buds upon transfer to MS medium containing various
combinations of 1, 3 and 5 meg/L BA and 30, 60 and 90 ¢/L sucrose concentrations. The optimum combination
in the induction of significantly highest average length of both stem (18.32 cm) and root (7.52 cm) multiplication
was obtained on MS basal medium supplemented with 1 mg/L BA and 30 ¢/L sucrose for 4 weeks. Although
microrhizome formation was not produced by the different amount of BA and sucrose in induction medium,
starch accumulation was found at the base of the stem explants cultured on MS medium containing 60 and
90 ¢/L sucrose concentrations. Additionally, in vitro propagated C. comosa plantlets through microrhizome
induction were grown under greenhouse conditions for 4 weeks and further developed into normal plants,
resulting in successfully high survival rates of 66 — 100% in the cultivated C. comosa.

Keywords : Curcuma comosa Roxb ; Plant Tissue Culture; Plant Growth Regulator; Microrhizome
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Abstract
This study was conducted to isolate and classify fungal dirty panicle disease

pathogens from five rice varieties. Observation of rice seeds under stereo microscope
showed that the seeds from all five varieties had 100% lesions of dirty panicle disease.
When isolating the fungal pathogen with three methods, i.e. (i) ground rice seeds shaken
in dH>0O and then spread on potato dextrose agar (PDA), (ii) rice seeds washed with dH>O
twice, then placed on PDA, and (iii) rice seeds shaken in 5% clorox for 5 min, after that
washed with dH>O twice and then placed on PDA, 57 isolates of fungi were obtained.
Morphological characterization classified the fungi into 17 genera, i.e. Alternaria,
Arthrinium, Aspergillus, Biporalis, Botryotinia, Botrytis, Corynespora, Curvularia,
Cylindrocarpon, Fusarium, Humicola, Monilinia, Mucor, Penicillium, Rhizopus,
Stachybotrys and Stemphylium. Four genera, i.e. Alternaria, Bipolaris, Curvularia and
Fusarium were reported to cause of dirty panicle disease of rice. The effect of glow
discharge plasma on inhibition of fungal pathogen showed that exposed glow discharge
plasma for 150s could inhibit mycelium growth of Curvularia but did not affect to
Bipolaris and Fusarium.
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1. Introduction

One of staple food crops is rice (Oryza
sativa L.) that is grown in tropical and sub-
tropical climate [1]. In Thailand, about
three-quarters of all farm households grow
rice. The world’s second-largest exporter of
rice is Thailand [2]. This country has plans
to increase the area for rice production to 9.2
million hectares [3,4]. The Thai Ministry of
Agriculture expects rice yield to be 25
million tons in 2016-2017. However, many
serious problems affect rice quality and yield
losses. In Thailand, one of the most
important diseases that affect rice grain, seed
quality, seed germination, and seed losses is
dirty panicle disease [5] that usually infects
rice plants before and after harvest [6]. Many
fungi including Alternaria padwickii,
Cercospora oryzae, Curvularia lunata,
Fusarium semitectum, Helminthosporium
oryzae and Sarocladium oryzae were
reported to be causal agent of dirty panicle
disease [7]. Therefore, finding an effective
method to solve this problem should be
considerably focused. There are many
methods to control this disease including
using disease-free seeds, mix seeds with
fungicides such as carbendazim or
mancozeb, monitor the  weather
conditions to prepare for disease outbreak.

However, we studied a new method
as an alternative way to controlling dirty
panicle disease which is glow discharge
plasma. Glow discharge plasma is an
ionized gas comprising the
concentration of positive and negative
electric charges and many neutral species.
This kind of plasma is applied to
analytical chemistry, micro-electronic
industry, and also as lasers, light sources,

same

displays, and many other applications.
Plasma is partially ionized gas normally
generated by an electrical discharge at
near ambient temperatures [8]. Advantages
of plasma including low cost, rapid
reaction times, high cleaning efficiency,
low consumption of gas due to physical
effects, and the enclosed and dry nature of
process. The One Atmosphere Uniform
Glow Discharge Plasma (OAUGDP)
performs at atmospheric pressure in air and
builds anti-microbial activity species at
room temperature. OAUGDP can decrease
log number of microorganisms including
gram-positive, gram-negative, endospore
forming bacteria, yeasts and bacterial virus
on surfaces. When exposed to plasma
within a range 50-90s, bacterial number
decreased in 5 log/sub 10/cfu. Bacterial
fragmentation = and  macromolecular
leakage were observed after exposure to
plasma for 10-25s [9]. Apart from
agricultural products, the method of one
atmospheric glow discharge plasma can
sterilize Aspergillus flavus spores that are
coated on glass bead with the ability to
inoculate approximately 1.8x107 cfu/g
within less than 30 min [10]. The present
work aims to isolate and identify fungi of
rice dirty panicle disease and study the
effect of glow discharge plasma on these
pathogens.

2. Research Methodology

2.1 Isolation of dirty panicle pathogen
Seeds of five rice varieties, i.e.
Pounded Red Rice, RDI15, Leum Pua,
Riceberry and Black Glutinous Rice were
collected from Udon Thani province,
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Thailand. After that, they were observed
under stereo microscope for disease
symptoms and isolation of the pathogen
was operated with three methods which
were (i) 10 g of ground seed sample of
each variety was put into a flask
containing 90 ml of dH,O and shaken at
150 rpm for 1 hr then diluted into the
concentrations of 102, 10 and 10, after
that 0.1 ml of each dilution was spread on
potato dextrose agar (PDA) added with
100 ppm streptomycin, with triplicates of
each concentration, and incubated at
27°C. (i1) a sampling of 15 seeds of each
variety was washed with dH2O twice and
placed on PDA added with 100 ppm
streptomycin by placing five seeds per
petri dishes with triplicates of each variety
and then incubated at 27°C and (iii) a
sample of 15 seeds each of all five rice
varieties was shaken in 5% clorox for 5
min and then washed with dH>O twice and
then five seeds were placed on PDA added
with 100 ppm streptomycin, with
triplicates of each variety, and incubated
at 27 °C. After incubation for 3-5 days,
they were observed for mycelium growth
followed by purification of the fungal

pathogens.

2.2 Morphological characterization

Morphology of the fungal pathogens
was observed 7-10 days after inoculation
on potato dextrose agar (PDA). The
characteristics consist of mycelium
growth and colony color. Therefore, wet
mount technique was used for the study of
mycelium characteristics, arrangement,
size and shape of fungal propagation.

2.3 Effect of glow discharge plasma on
dirty panicle pathogens

Fungal pathogens isolated from rice
seeds including Biporalis, Curvularia and
Fusarium were inoculated on PDA for 7 -
10 days. Then exposed to the plasma for
0s, 90s, 120s and 150s. The ambient air
with a relative humidity of 40% was used
as a precursor gas and fed into the
chamber via a top electrode. The sample
was held to the bottom electrode which
was connected to a radio frequency of 10
kHz. An electrical discharge plasma was
produced at a power of 80W. The
operating pressure during treatment was
kept constant at 260 Pa. All treatments
were carried out in triplicates for different
exposure times [11]. After that, the effect
of the plasma on the fungus was examined
by using 0.5 mm diameter cork borer to
cut the edges of the fungal colonies that
exposed to plasma at various times and
then inoculated on PDA, with triplicates
for different exposure times and incubated
at 27 °C. Then mycelium growth was
observed and wet mount technique was
used to study the difference of mycelium
under a light microscope.

3. Results and Discussion
3.1 Isolation of dirty panicle pathogen

Observation of rice seed samples
including Pounded Red Rice, RD15, Leum
Pua, Riceberry and Black Glutinous Rice
under stereo microscope showed that seeds
of all five rice varieties had dirty
panicle disease symptom. Isolation of
fungi from rice seeds was done with three
methods, i.e. (1) shaking the ground seeds
in dH>O and then spreading on PDA. (i)
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washing the seeds with dH>O and placing
the seeds on the PDA and (iii) shaking the
seeds with 5% clorox and placing the seeds
on the PDA. The fifty-seven isolates of
fungi obtained comprising 17
isolates, 13 isolates, 12 isolates, 11 isolates
and 4 isolates from Riceberry, Black
Glutinous Rice, RD15, Pounded Red Rice
and Leum Pua, respectively. Isolation of
fungi with three methods showed that
method (iii) obtained the most fungal
isolates followed by method (i) and (ii),
with 23 isolates, 21 isolates and 13 isolates,
respectively (Table 1). The method (iii),
when we disinfect the seed surface, only
the fungi inside the seed will develop.
Whereas methods (i) and (ii) may be
contaminated by saprophytes, resulting in
less isolation. The results are similar to the

were

study of Seelarak and Thummabenjapone
[12] that isolated fungi from rice seeds
obtaining 10.5% fungi in rice seeds which
were not sterilized and 25.5% fungi in
surface sterilized seeds.

Table 1 Number of fungi isolated from
three methods from seeds of five rice
varieties

Method  No. Variety
of Pounded RD Leum Rice  Black
isolates RedRice 15 Pua berry Glutinous
Rice
@) 21 5 6 2 7 1
(ii) 13 3 4 0 0 6
(iii) 23 3 2 2 10 6
Total 57 11 12 4 17 13

3.2 Morphological characterization
Classification of 57 isolates of fungi by
studying morphology, growth, mycelium, and
conidia [13], [14] can classify all fungi into 17
genera,  1.e. Arthrinium,

Aspergillus, Biporalis, Botryotinia, Botrytis,

Alternaria,

Corynespora, Curvularia, Cylindrocarpon,
Fusarium, Humicola, Monilinia, Mucor,
Penicillium, Rhizopus, Stachybotrys,

Stemphylium and unknown (Table 2). Many
fungi were reported to be dirty panicle disease
pathogens including Alternaria padwickii,
Cercospora lunata,

oryzae, Curvularia

semitectum, — Helminthosporium
oryzaeqe and Sarocladium oryzae. These
fungal pathogens usually infect in the rice

fields at panicle forming stage and after harvest
[71, [15].

Fusarium

Table 2 Classification of fungi isolates
obtained from seeds of five rice varieties

No. of isolates

Pounded RD Leum Rice Black

Fungi . : Total
Red Rice 15 Pua berry Glutinous
Rice

Alternaria - - 1 1
Arthrinium 1 1
Aspergillus - 2 1 - 1 4
Biporalis 2 - - 1 3
Botryotinia 1 1
Botrytis - - - 1 1
Corynespora 1 1
Curvularia 1 1 2 2 6
Cylindrocarpon 1 1
Fusarium - - - 1 1
Humicola - 1 1
Monilinia - - 1 1 2
Mucor - 3 - - 2 5
Penicillium - - - 1 2
Rhizopus 1 1 2
Stachybotrys - 1 1
Stemphylium 1
Unknown 4 3 10 6 23

Total 12 11 4 17 13 57

3.3 Effect of glow discharge plasma on
dirty panicle pathogens

The effect of glow discharge plasma
on Curvularia revealed that exposure to
plasma at 150s was able to inhibit
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mycelium growth of Curvularia, with a
colony diameter of 3.65 cm and 6.10 cm at
3 days and 5 days after inoculation,

respectively (Table 3). When observing

the mycelium growth we found that the
treatment not exposed to plasma showed
normal mycelium growth, while mycelium
exposed to plasma had less growth (Fig. 1).
Plasma did not affect mycelium growth and
conidia germination of Curvularia when
observed under a light microscope.

(C)  10um ki

Fig. 1 Colony morphology, mycelium

and conidia of Curvularia, 5 days after

inoculation. (A, B) 0s plasma exposure
(C, D) 150s plasma exposure

Results of the effect of glow
discharge plasma on Fusarium showed
that exposure to plasma did not affect the
growth of Fusarium (Table 3, Fig. 2), but
there were various crystal shapes in/and
around mycelium and conidia when
observed under a light microscope. The
crystal number varies due to the duration
of the plasma exposure. The longer
duration of plasma exposure increased
crystal number. However, five days after
inoculation no crystal was found in the
mycelium.
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Fig. 2 Colony morphology, mycelium

and conidia of Fusarium, 5 days after

inoculation. (A, B) Os plasma exposure
(C, D) 150s plasma exposure

The effect of glow discharge plasma
on Biporalis showed that plasma did not
affect mycelium growth and conidia
germination of Biporalis (Table 3, Fig. 3).

@) 10w L x ®

(© Ln ‘fh?' \

Fig. 3 Colony morphology, mycelium
and conidia of Biporalis, 5 days after
inoculation. (A, B) Os plasma exposure
(C, D) 150s plasma exposure

Study of the effect of glow discharge
plasma on fungal seed pathogens showed
that the plasma inhibited Curvularia
mycelial growth, but did not affect the
growth of Bipolaris and Fusarium. This is
because of the effect of plasma on
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disintegration and becoming free radical
O and free radical OH™ and oxidation. It
can damage cell wall structure and cell
membrane and inhibit cell biochemistry.
Each fungus has different cell wall
composition then the effects of plasma are
also different. A regular method used to
clean, arrange and improve biomaterial
and implant surfaces is glow discharge
plasma treatment. Excellence of such
treatment is powerfully based on the
process parameters [16]. This is similar to
the study of the ability of constructed one-
atmospheric glow discharge plasma on a
reduced aflatoxin contamination from
agricultural products including corn, bean,
garlic, and shallot. Total plate count of
fungal contamination on seed before
treatment was 380 cfu/g, 510 cfu/g, 710
cfu/g and 7x10* cfu/g, respectively. After

exposure to plasma, total mold was
completely reduced on corn and bean. In
the case of garlic and shallot, the number
of fungi was reduced but remained at 97
cfu/g and 2x10* cfu/g, respectively [10].
Moreover, in the study of the effect of
plasma-glow discharge as sterilization of
titanium surfaces, in vitro osteoblast
responses to glow-discharged, commercially
pure titanium (Ti) surfaces
investigated. The hypothesis of the glow-
discharge treatment would be a practical
sterilization system for Ti embedding before
implantation. The Ti surfaces were prepared
by grinding to 600 grits followed by
cleaning. After that, they were divided into
two groups, group one being the control and
the other group undergoing glow-discharge

WwEre

treatment using oxygen.

Table 3 The effect of glow discharge plasma on mycelium growth of fungal dirty panicle

pathogens
Duration of Curvularia Fusarium Biporalis
plasma Colony diameter (cm) Colony diameter (cm) Colony diameter (cm)
exposure (s) 3day” S5day” 3day” S5day” 3day” 5day”
0 588+008*  827+006* 4.00+£026* 403064  292+034° 3.42+045°
90 508067  790+0.69?% 325022 457+0.13*  3.02+003° 3.72+0.08°
120 545+£0.17% 8050432 4.02+049* 523+0.58* 297+0.13° 3.42+0.44°
150 3.63+£003°  6.10£0.10° 3.75+0362 5.00+046*  343+0.39° 423+016%
CV ) 5.01+093 7.58+0.97 3.75¢044  491+049 3.08+0.31 370+0.16

* Means (n=3) in column followed by the same letters are not significantly different based on p < 0.05,

LSD.

Human embryonic palatal mesenchyme
cells, an osteoblast precursor, were used to
assess the cell responses to glow-discharged
and control Ti surfaces. Ten days after
treatment, the results showed that protein

production and osteocalcin production on both
surfaces exhibited no significant differences.
Altogether, this study suggested that the use of
glow discharge as an alternative sterilization
system for medical and dental embed did not
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inhibit osteoblast phenotypic expression [17].
Study of antimicrobial activity in herbal tea
was done by using a low-pressure capacitively
coupled discharge. Escherichia coli and
Staphylococcus aureus were isolated from
herbal tea, after that they were inoculated
on NA petri dishes and exposed to the
plasma for 0.5 min, 1.0 min, 1.5 min and
2.0 min [11]. From the results of an
interdisciplinary cooperation established
to evaluate the sterilizing capabilities of
the One Atmosphere Uniform Glow
Discharge Plasma (OAUGDP), this glow
discharge plasma is able to perform at
atmospheric pressure in air and other
gases and bears antimicrobial active
species to surfaces and workpieces at
room temperature as decided by viable
plate counts. OAUGDP exposures have
decreased log numbers of bacteria, S. aureus
and E. coli, Bacillus stearothermophilus and
B. subtilis on seeded solid surfaces, fabrics,
filter paper, and powdered culture media at
room temperature [18]. Establishment of
atmospheric pressure glow discharge was
likened to the execution of an equipment
used in the first atmospheric pressure glow
(APG) experiment, in the matter of
sterilization of anew categorized biological
indicator such as Bacillus atrophaeus, B.
subtilis  var. and  Geobacillus
stearothermophilus. ~ Stabilization — was
finished by controlling the experimental
conditions at low frequency: 100 kHz and
Radio Frequency: 13.56 MHz with water
vapor/He dilution. The large volume of
meta-stable atomic helium is responsible for
the result that aids the generation of
hydroxyl radicals [19].

niger

4. Conclusion

In this study we obtained many fungi
from seeds. There are four genera which are
reported as causes of rice seed diseases
including Alternaria, Biporalis, Curvularia
Glow discharge plasma
effected to inhibit Curvularia mycelium
growth, but did not affect the growth of
Bipolaris and Fusarium.

and Fusarium.
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Abstract

The aim of this study is developed of alkali activated high calcium fly ash to use as
cementitious material to replace Portland cement. The mixture of mortar made from fly ash and
sodium hydroxide solution (NaOH) was used to activate strength at concentrations of 2, 4, 6 and 8
molars. Superplasticizer was used to control the flow of mortar in the rage of 105 - 110. The
compressive strength of mortar was determined at 7, 28, 45 and 60 days. The acid resistance of
mortars due to sulfuric at a concentration of 3% were also investigated. The results showed the
mortar made from high calcium fly ash with sodium hydroxide of 6 molar obtained the highest
compressive strength, which could be developed compressive strength up to 189 ksc at 60 days.
For the acid resistance of mortar, it was found that the of use 6 molar of NaOH activated high calcium

fly ash binder had the least weight loss due to sulfuric acid attack.

Keywords : Alkali Activated; High Calcium Fly Ash; Compressive Strength; Acid Resistance
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Abstract

This research aimed to study the optimum factors affecting the quality of gold
plating process to enhance OTOP knife products of Ban Mai knife forgers village. This
study focused on application of AISI 5160 steel and the 24k gold plating process.In the
experiment, three samples of plating currents were observed; 10, 12, and 14 volts, each
at 30, 60, 90, 120, 150 seconds, and 180 seconds, respectively. The study found that
applying the electric currents in gold plating at 12 volts for 120 seconds gave the best
results for the gold color and thickness, by giving the thickness of the gold surface at
33.82 micron and the color value between L*=88.72, a*=4.45 and b*=78.58. Moreover,
the gold dispersion was consistent throughout the workpiece. From applying the electric
currents in gold plating at 10 volts, it lessened the thickness of the gold plating which
made the gold plating look uneven. From applying the electric currents in gold plating
at 14 volts, it increased the thickness of the gold plating which resulted in a dull or
burned finish from over-plating. In comparison, the cost of the knife before plating with
gold costs only 30 baht per piece while the cost of the knife after plating with gold costs
99 baht per piece. In conclusion, the daily sales of a product increase from 50-60 items
per day to 60-75 items per day, which also resulted in increased revenue and
profitability from 1,500-1,800 baht per day to 5,940-7,425 baht per day on average.

Keywords : Gold Plating Process; OTOP Knife Products; Ban Mai Knife Forgers
Village
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1. Introduction

Phetchabun province is situated in
the lower north of the country. The area
is mountainous with cool weather and
lowland with slightly hot weather, it is
suitable for various forms of cultivation
such as field crops, horticulture crops,
and also tourism agriculture, which is the
main occupation of the population in the
province [1]. However, another career
that can generate income was natural and
cultural tourism which is a learning
center and continues to preserve the way
of life of the previous generation in
which tourists often buy stuff for using or
as souvenirs to their home [2].

Ban Mai Knife Forgers Village
(Tai Lom Knife), Lom Sak district,
been the
traditional forging knives group since
their ancestors, for example, sharp knife,
pocket knife, hiking knife, kitchen knife,
cleaver knife, machete, pickaxe, hoe or
rice sickle and other made to order knife

Phetchabun province has

which makes of medium carbon steel.
Currently, those knives have been
registered as the OTOP knife products of
the province. Originally, they did not
gather as a group, during an economic
depression, they had been recommended
by the government sector in gathering a
knife  forgers
household’s income apart from their
agriculture time. The current members

group to increase

are around 70 people and the distribution
is both in Phetchabun and other tourism
sites including other province shops all
over the country. The price is from 30 to
300 baht, depending on the type and size

of the knives. However, there are many
new knife forgers groups in the current
time, the competition  is
increasing. From the field trip, it was
found that the knife forging group needs

market

to develop new products for creating a
distinctive point, expanding marketing
channels, increasing the value of the
product, and being able to access every
group of all ages [3]. Phetchabun is one
of the provinces which has various tourist
attractions as well as other tourist
Thailand. In
attractions, people of every age group
who like traveling for food, atmosphere

attractions in these

and shopping for souvenirs [4], [5].
Consequently, the researcher has an
idea in developing OTOP knife products
of Ban Mai Knife Forgers Village (Tai
Lom Knife) by plating with gold to
enhance the products to be a souvenir in
tourist attractions [3] and add the value of
products. The gold plating process is to
enhance  exquisiteness to  various
products and to upgrade the quality of
products as well since gold is always
luster and does not oxidize with oxygen,
then it does not tarnish when exposed to
Gold is

therefore popular to be applied to cover

air and also does not rust.

materials or plating products that require
more attractiveness [2]. This research is
plating knives with 24k gold or 99.99%
gold to comparative study the suitable
factors in gold plating with medium
carbon steel material and transfer
knowledge including the technique of
plating knives with gold to the knife

forging group.
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2. Research Methodology
2.1 Material and Variable in the Experiment
This study applied hot-rolled steel
or spring steel AISI 5160 grade with
carbon around 0.55-0.65 %C [6]. The
workpiece was prepared by forging a
knife length of 60 mm, a width of 10 mm,
and a thickness of the edge 3 mm down to
the edge of the knife as Fig. 1. Hardening
for prevents rust and eases to the gold
plating process. After that, it was polished
with water sandpaper and scrubbed with a
flannel cloth, along with 5 micron alumina
powder, to get a shiny surface and apply
the coating material or plating with 24k
gold or 99.99% gold since it was popular
in plating that gave a fine-looking surface
and was not easily transformed.

e —

\

Fig. 1. Work-piece preparation
of Tai Lom Knife

The variables in this experiment
was the amount of electric current used
for gold plating (voltage difference) in
direct current (DC) at 10, 12, and 14
volts, and the experiment time in the
plating was at 30 seconds, 60 seconds, 90
seconds, 120 seconds, 150 seconds and 180
seconds per experiment and repeated each

variable in 3 experiments [7]. After that, the
gold surface thickness was examined with
an optical microscope (OM) with a
workpiece dimensioning program or the
built-in Measure with a line command and
examined the dispersion and color of gold
from experts.

2.2 Methodology

The study of optimum factors in the
gold plating process to enhance OTOP
knife products for Ban Mai Knife Forgers
Village. The researcher has designed an
experiment material with safety and
advised the gold plating performer to
wear personal protective equipment
(PPE) every time [7]. The gold plating
process was one type of electroplating
process in which electrical current was
passed onto a workpiece in an electrolyte
solution then causes the positive ion
(Anode) in which a lure gets oxidation
and runs to the cathode charge at the
workpiece [8], where the reduction
reaction was occurred and caused the thin
layer of metal from the lure to be coated
on the surface of the workpiece which the
gold plating process consisted of the
following six steps; [3].

Step 1: electroplating set up,
prepare a power transformer with 30
amperes that can adjust the compression
of 10, 12, and 14 volts and connect the
positive electrode to the lure as well as
the negative electrode to the workpiece
[8], [9]. This study applied the lure in the
alkaline copper pond and copper material
with 30x40x10 mm in dimensions was
applied and the lure in nickel pond,
nickel-type material was applied with
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dimensions of 30x40x10 mm and the lure
in the gold pond, a stainless steel sheet
with dimensions of 30x30x3 mm was
applied [10].

Step 2: workpiece surface preparation,
the workpiece was washed with chemical
sodium cyanide to clean the dirt that adheres
on the workpiece such as green rust stains.
With these stains, it can be cause the
problem of not attaching to the plating.

Step 3: alkaline copper plating, the
workpiece was plated in an alkaline
copper pond. It contains 23 grams of
sodium cyanide, 15 grams of copper
cyanide, 15 grams of sodium carbonate,
mixed with 1 liter of clean water to make
the gold plated a thick layer of coating,
shiny and long-lasting, does not
deteriorate, as shown in Fig. 2(a).

Step 4: acid copper plating, the
workpiece was plated in an acid copper
pond in which contains 250 grams of
copper sulfate mixed with 1 liter of clean
water mixed with 98% concentrated
sulfuric acid 30 grams and mixed with
Copper brighter 3 grams to make the
workpiece to be polished. Do not add
water to concentrated sulfuric acid as a
dangerous splashing of acid will be
occur. The color of the acid copper
plating solution is blue as shown in Fig.
2(b).

Step 5: nickel plating, the workpiece
is plated in a nickel pond. It contains 250
grams of Nickel sulfate, 60 grams of Nickel
chloride, 40 grams of Boric acid, 10 grams
of Nickel additive, and Nickel brighter 10
grams works to contribute the plated parts a
shiny luster. The color of the nickel plating
solution is green, as shown in Fig. 2(c).

—

(a) Alkaline copper (b) Acid copper

(¢) Nickel

(d) 24k gold

Fig. 2. Inspection of the microstructure
of the gold plating process

Step 6: 24K gold plating, the
workpiece is plated in a flash 24k gold
pond and 250 grams of clean water to make
the plated workpiece become a gold color.
The solution has a clear white color as
shown in Fig. 2(d), and washed with an
anti-tarnishing liquid in which its function
was to coat the plating workpiece for long-
lasting durability. After finishing the gold
plating process, the workpiece was waiting
for the knife handle to complete the
package.

3. Results and Discussion

3.1 Gold plated knife surface inspection
The Inspection of the knife surface

after gold plating is the first process of

colorimeter analysis. (CIE L*a*b* system).
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® Gold plated
knife products

(e) Most luster

Fig. 3. The characteristics of the knife’s
surface of the gold plating process

From the examination, it was found
that the surface of the knife which was
gold plated, as shown in Fig. 3(a), had a
faded gold color due to the low electricity
consumption and less time for gold
plating, the color value is between
L*=63.58 a*=14.31 b*=61.84. causing
the thickness of the gold to be uneven
throughout the workpiece [11]. From the
examination, it was found that the knife's
back area had a thinner gold coating than
the knife’s sharp edge area. From
Fig. 3(b), a shiny golden surface has
appeared but there is no consistency
throughout the workpiece since the time
for plating gold is quite little [8], the
color value is between L*=78.95
a*=15.75 b*=75.53. From Fig. 3(c), a
gold color surface has started to burn, the

color wvalue 1is between L*=50.82

a*=27.46 b*=56.91, and Fig. 3(d), a gold
color surface was vastly burned due to
the excessive electrical current and time
in the plating. It caused the gold surface
to look tarnished and not shiny [10], [11],
the color value is between L*=33.76
a*=17.35 b*=28.15. From Fig. 3(e), a
shiny gold which has been the best factor
in gold plating since the surface of the
knife from the gold plating is consistent,
and shines throughout the workpiece, the
color value is between L*=88.72 a*=4.45
b*=78.58. From Fig. 3(f), was a ready-to-
sell gold-plated knife [3], [9]. However,
from the experiment, there was no porosity
or other defects found were found in the
area of gold.

3.2 Microstructure inspection

Microstructure  inspection  with
Optical Microscope (OM) is examined to
determine  the  deep  penetration
characteristics of the gold plating which
affects the color of the gold surface,
dispersion, and consistency of the gold
skin. The depth of penetration was
measured using an ocular micrometer,
compared with the stage micrometer
scale, which was measured 3 times and
averaged.

From the examination, it was found
that from Fig. 4(a), the deep penetration
with faded skin color which was
approximately 12.06 microns and Fig.
4(b), a deep penetration with a shiny
surface color which has a deep
penetration of approximately 22.87
microns due to the use of slightly little
electric current and time of plating [10]
and from the observation, the deep
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(e) Extremely burn

Fig. 4. The inspection of the
microstructure of the gold plating process

penetration is uneven throughout the
workpiece. From Fig. 4(c), the deep
penetration characteristics with shiny
surface color with approximately 33.82
microns, which is the best variable of the
deep penetration from gold plating. The
deep penetration was consistent and the
color is fine-looking throughout the
work.

From Fig. 4(d), the deep
penetration with the color of the skin
starting to burn which was approximately

39.19 microns and Fig. 4(e), the deep
penetration with intense burnt color
which was about 44.52 microns, it was
found that the penetration of the gold
deeper than other experimental factors,
but the appearance of the gold was burnt
from the use of electricity and time in
plating for a long time, causing gold’s
dull skin and unbeauty [11]. Generally,
the thickness of jewelry gold plating is
2.5-5 microns, but the gold plating for
this research is about 12.06-44.52
microns because the material is spring
steel and has a rougher surface
preparation than gold plating decorations
Therefore, it can penetrate more deeply
into the material.

3.3 Results from the study of factors
from applied electric currents
comparing with plating time

The important factors in the gold
plating process were electric current and
plating time which affected the reduction
reaction causing a thin layer of metal
from the lure to be coated on the surface
of the workpiece. It also affected the
thickness of the gold-coated on the
surface of the workpiece, the dispersion
of gold over the surface, and also the
color of the gold. From the results of the
experiment, the researcher has separated

the color of the gold material into 5

levels, namely, faded color, that is the

coating of gold on the surface of the
work is less and uneven. Gloss color was

a coating of gold on the workpiece

surface which was fair and uneven

throughout the workpiece. The shiny
color was the coating of gold material on
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the workpiece surface that is sensible and
consistent throughout the workpiece. The
starting-to-burn color was the coating of
gold material that was consistently
distributed throughout the workpiece, but
the thickness of the gold is beyond the

standard. The over-burnt color was the
coating of gold on the workpiece that was
consistent, but the thickness of the gold is
extremely high, causing burns [12] since
the use of time and electric current in the
plating was excessive.

Table 1 Result of the use of electric current for gold plating at 10 volts

Experiment Gold surface Uniform distribution Gold luster (Percent)
time thickness (Micron) of gold (Percent)
30 seconds 09.89 29 Dull color
60 seconds 12.06 37 Dull color
90 seconds 16.19 53 Dull color
120 seconds 19.01 68 Dull color
150 seconds 21.33 80 Lustrous color
180 seconds 26.15 92 Lustrous color

From Table 1, as a result of the use
of electric current for gold plating at
10 volts, it was found that the gold plating
time to achieve the most lustrous color
and thickness was 180 seconds, the
thickness of gold is 26.15 microns. Due to
its low electricity consumption, the gold
plating process takes much time for gold
plating as well [11]. From experimental

factors, it was found that the dispersion of
gold was not consistent throughout the
workpiece, which is 92 percent. However,
the experiment showed that less plating
time will affect the thickness of the gold
surface and the dispersion of gold material
as well [12], which affected the dull color
of the gold.

Table 2 Result of the use of the electric current in gold plating at 12 volts

Gold surface

Exptefrlment thickness Uniform distribution Gold luster (Percent)
ime (Micron) of gold (Percent)

30 seconds 17.51 59 Dull color

60 seconds 22.87 84 Lustrous color

90 seconds 26.96 93 Lustrous color
120 seconds 33.82 100 Most luster

150 seconds 39.61 100 Started to burn
180 seconds 4331 100 Extremely burn

From Table 2, as a result of the use
of the electric current in gold plating at

12 volts in gold plating, it was found that
the proper gold plating time for luster and



50 215515YINIUAS IV uns.wzuas Ui 16 aUuil 2 NsngIAN-541AY 2565

thickness was 120 seconds and the
thickness of the gold surface is
33.82 microns. From the experimental
factors, it was found that the dispersion
of gold was evenly over the workpiece at
100 percent, which was considered as the
best result of the experimental factor and
also found that at the time of plating in
more than 120 seconds the appearance of

gold began to burn and it will be burnt
intensely at 43.31 microns due to the
excessive reduction reacting time [7], [9].
Besides, from the experiment, it can be
seen that the less amount of time the gold
plate is on, the more it affects the
thickness of the gold surface, the
dispersion, the skin penetration of gold
[11], [12] and the dull color of the gold.

Table 3 Result of the use of the electric current in gold plating at 14 volts

Experiment Gold surface

Uniform distribution

time thickness (Micron) of gold (Percent) Gold luster (Percent)
30 seconds 35.63 100 Started to burn
60 seconds 39.19 100 Started to burn
90 seconds 44.52 100 Extremely burn
120 seconds 49.14 100 Extremely burn

From Table 3, as a result of the use
of the electric current in gold plating at
14 volts, it was found that the gold
surface in plating in all experimental
factors started to burn and extremely
burn and this factor had the maximum
experiment time by taking 120 seconds
due to the longer time would cause more
burns to the gold surface. It was found
that the gold surface from plating began
to burn at the thickness of the gold
surface at 35.63 microns onwards [11],
[12] which the burnt surface makes it
look dull and cannot be sold [7].

3.4 Results from transferring knowledge
in plating technique with gold
The knowledge transfer and knife
plating technique with gold to the Ban
Mai Knife Forgers Village of Lom Sak
district, Phetchabun province had 25

participants with experiences in Tai Lom
knife plating from 5-8 years. The
evaluation was focused on 2 aspects of
satisfaction evaluation [3]
Table 4, it found that overall satisfaction
was at 4.39, the standard deviation was
0.66 which was at a high level. When
analyzed in each aspect, it was found that
the highest average score was satisfaction
which was 4.46, the standard deviation
was 0.64, which was in the high level.
When assessed in each question, it was
found that the item with the highest
average was the researcher having easy-
to-understand techniques and methods
for transferring knowledge that mean was
4.61, the standard deviation of 0.65
which was in the highest level. However,
when summarizing  the overall
assessment of knowledge transfer and
gold knife plating techniques, it was

shown in
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found that no item was lower than the
specified Key Results (KRs) criteria of
the project [1] and shows that OTOP
knife plating products with gold for Ban

Mai Knife Forgers Village can
significantly meet the needs of the target
audience.

Table 4 Satisfaction results from knowledge transfer in the gold plating process

Assessment details ) (S.D.) Results
The process of knowledge transfer
Researchers have easy-to-understand techniques and
4.61 .
methods for transferring knowledge. 6 0.65 Very good
The researcher can ask and answer questions. 4.11 0.66 High level
Researchers use a variety of media to transfer 432 0.76 High level
knowledge.
The resea.rcher useq the time for training and 495 0.62 High level
demonstration appropriately.
Average 4.32 0.68 High level
Satisfaction
Satisfaction with the shape of the product. 4.42 0.5 High level
t of gold plated kni t t
Used a produc . 0. gold plated knives to be used to 4.46 0.61 High level
increase productivity.
Used a knife product with gold plating to add value. 4.36 0.83 High level
The product has a beautiful golden color. 4.52 0.61 Very good
The product is durable and can be used for a long time. .
4.4 0.61 High level
(Gold does not peel off) 1ghfeve
The product price is reasonable. 4.5 0.65 High level
It is modern, novel, different from the original product. 4.58 0.67 Very good
Average 4.46 0.64 High level
Total average 4.39 0.66 High level

4. Conclusion
The objective of this research is to

increase productivity and create product
value from the gold plating process to
enhance the OTOP knife products for
Ban Mai Knife Forgers Village. The best
experiment factor was the electric current
in gold plating at 12 volts and the plating
time in making shiny color and proper
thickness was 120 seconds, the thickness
of the gold surface was at 33.82 microns
and the dispersion of gold was consistent

at 100%. However, when transferring
gold plating knowledge to the knife
forging group and conducting products to
increase productivity and add value to the
products, it was found that from the
original product of Tai Lom knife before
plating, the selling price is 30 baht per
piece, after the product is developed, it
can be sold for 99 baht per piece.
Moreover, tourists have tended to buy
souvenirs in a large amount per time,

causing to increase the production



52 215515YINIUAS IV uns.wzuas Ui 16 aUuil 2 NsngIAN-541AY 2565

capacity in both the tourist season and the
normal season from about 50-60 pieces
per day on average to about 60-75 pieces
per day on average and also gain the
average income from 1,500-1,800 baht
per day to 5,940-7,425 baht per day on
average. The results from knowledge
transfer in gold plating techniques
showed that the average satisfaction was
4.39 and the standard deviation was 0.66,
the score was at a high level. In general,
there are no items that fall below the
criteria from the project key results
indicators.
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Abstract

This research focuses on the raw-material management such as fuel of a case study company
being a freight forwarder in Chonburi province. The objective is to determine the economic order
quantity (EOQ) and the reorder point (ROP) that minimize the total cost of handling. Five forecasting
techniques are investigated to predict the future demand, and it was found that the time series
decomposition was the most suitable method with the least error. At the result of demand
forecasting, the economic order quantity is 16,308.89 liters per time, the total cost of handling the
fuel tank is 17,287.43 baht, and there are ordering around 19 times per year. In addition, the sensitivity
study on demand factors affecting the cost of fuel tank management are also considered in this
paper. It was found that 21% of the increased fuel demand brings the total handling cost is 1728.74
baht or increasing 10%. Therefore, ordering economically can reduce the total cost of 1,295.97 baht,
or 6.85%. If the company brings the studied results to improve the ordering process, it will be able

to forecast the order quantity more appropriately and effectively.

Keywords : Forecasting; Sensitivity; Fuel Oil; Economic Order Quantity
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Abstract

This research was studied and transferred the biogas production technology with the community
participation using anaerobic dry fermentation system from agricultural residues. The production of
renewable energy for replacing LPG in household cooking of Koh Khan Sub-district community, Cha-Uat
District, Nakhon Si Thammarat Province was carried out. The efficiency of the biogas production from different
co-digestion material with fresh cow manure was studied for 45 days. The experiment 1, bananas and papaya
and the experiment 2, rice straw and coconut meal were used for fermented materials. It was found that
the system using rice straw and coconut meal as a fermented material had a higher potential than using
bananas and papaya. The system produced averaged biogas of 150 L/d and an average methane content of
67.68% respectively, within just 15 days after start-up. While bananas and papaya as fermented materials
took more time with more than 30 days after start-up the system. The system produced averaged biogas of
120 L/d and an average methane content of 64.64%. For usability test, It was found that 150 L of biogas
could continuously cook for 45-60 minutes. The 85% of the technology transfer recipients regarded that the
knowledge gained as practical and reduced household expenditures. Additionally, the system can produce
biogas for a long time without adding new fermented materials. Therefore, this biogas system could be

applied to local agricultural waste for biogas production which can be expanded to other areas.

Keywords : Biogas; Agricultural Waste; Anaerobic Dry Fermentation
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Abstract

This paper presents the design of a power harvester for passive RFID Tags. An
impedance matching circuit chooses a high-pass L network inserted between the
antenna and rectifier circuit to maximize the power transferred to Tags, using an
impedance transformation technique. A simple circuit including only a shunt inductance
was selected as a matching. The rectifier utilizes a Self-Vth-Cancellation (SVC) circuit
is an archived self-threshold voltage cancellation and self-power regulation function
with a simple circuit design. An antenna is modeled as an RF source with a series
impedance Z; of 50Q2 while the rectifier is modeled as a load impedance Z, , which is

estimated from the process and design parameters of the NMOS and PMOS transistors
used in the SVC rectifier. As the combined circuit was simulated using input in the
UHF band of 953 MHz and the devices’ model of the 0.35pm CMOS technology. The
simulation results were compared with the single-stage rectifier of the SVC technique in
the issue of the Power Conversion Efficiency (PCE). The achieved DC output of the
rectifier yields the power conversion efficiency of 43.7% at input RF power -10.22dBm
while a DC output voltage of around 643.8mV and a current load of 64.4pA.

Keywords: Power Harvester; Passive RFID Tag; Power Conversion Efficiency;
Matching Circuit
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1. Introduction

Energy harvesting is the process in
which energy is derived from a system’s
environment and converted into usable
electric power. Energy harvesting allows
electronics to operate where conventional
power sources are not available without
the need for frequent wiring or battery
replacement. Energy storage from the
environment is an attractive alternative to
battery-operated systems. Especially for
long-life electronic systems, low-power
consumption, and can be self-sustaining.

An energy harvesting systems
generally consist of circuits to charge the
energy storage cells and manage the
energy by providing control and
protection. The efficiency and potential
of energy storage devices are highly
dependent on the efficiency and specific
properties of the material. Examples
of energy sources are radio energy,
light, temperature differences, vibration
or pressure, and even biochemically
produced energy.

Nowadays, the development of
power harvesting in the technology of
Radio Frequency Identification (RFID)
has been increasingly applied in
various application domains such as
security, robot, warehouse, transportation
management, IT asset tracking, animal
management, medical management, and
others [1], [2].

The RFID technology can be seen
that these devices have played a very
important role in the development of
economy and human.

READER|. TX-RF

Backscattered
ANTENNA Signal

Fig. 1 RFID Systems

An RFID system consists of a
reader unit and RFID tags, also called
transponders, as shown in Fig. 1. The
RFID systems use the principle of
communication with the transfer of data
between the reader unit and moveable
objects or tags, via propagation of
electromagnetic waves between a reader
and tags. Tags can be divided into
three type’s active, semi-passive, and
passive tags depending on the power
for RF signal
processing. Active tags need a battery
to supply power for RF transmission
and signal processing unit. Active tags
are appropriate for applications that
need to transmit data in a long-range
transmission sensor
networks. However, active tag costs are
high and complexly fabricated. On the
other hand, an advantage of a passive tag
does not need a battery. As a result,
passive tags can be produced at low cost,
small size, low maintenance, and high
volume [3]. In between these two types,
semi-passive tags need a small battery
for signal processing while using the
induced RF power for the transmission.
Table 1 concludes with a comparison of
the RFID types [4].

transmission  and

such as wireless
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Table 1 Comparison of active, semi-
passive, and passive RFID tags
Tag type

Semi-

. Passive
passive

Limitations Active

Dist f
1stance o Long Moderate Short

communication
I ti . .
fieorporation Easy Possible  Difficult
of sensor
Necessity of . . Not

¢ Y Require Require .
Battery require
Volume Large Moderate Small
Cost High Moderate Low

. . . Not
Maintenance Require Require © .

require

In this paper, the passive tag was
selected for implementation because of
its advantages such as can be produced at
low cost, small size, low maintenance,
and high volume. An experiment design
was used to apply and discover the main
factors affecting the RFID interrogation
range. The anti-collision mechanisms are
applied for avoiding or solving collisions
due to interference that might occur
among readers and tags [5], [6].

This paper can be classified as
follows: Section 2 introduces the research
methodology. In Section 3, the circuit
design and analysis are described by
reference to the analysis of conventional
NMOS-based rectifier circuits, and the
conceptual design of the research. The
circuit design and simulation results are
proposed. Finally, Section 4 concludes
the paper.

2. Research Methodology

This section explains the research
methodology which can be divided into
four sub-sections including a basic

theorem on communication
motivation, a general problem in power
harvester, and a problem statement,
which are introduced as follows:

range,

2.1 Communication Theorem

In general, an RFID system uses an
operating frequency in the Industrial
Science and Medical (ISM) band. The
RFIDs can be categorized from a range
of RF frequencies. HF band (13.56MHz)
is coupled for power and data transfer
utilizes near-field magnetic, but still has
communicated distance of short-range.
Therefore, a high-frequency range, such
as far-field electromagnetic
transmission,  Ultra-High  Frequency
(UHF) band (860-960MHz) has been
used more because it needs smaller
antenna and can communicate in a longer
range [7]. The theoretical communication

wave

range R is determined from the Friis
transmission equation (1) [8]:

A |EIRPreqderGtagNrectifier (1)

41 Ptag

Where R is the communication
distance, EIRP,.q54.r 1s the “Effective
Isotropic Radiated Power” of a reader
unit, Gyq4 18 the tag antenna gain, Py, is
the power required for the tag operation,
and Tyecririer 18 the Power Conversion
Efficiency (PCE) of the “Radio
Frequency to Direct Current” called RF-
DC rectifier. From equation (1), it is
obvious that they are many ways to
increase the communication distance
between a reader and tags.
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Firstly, equation (1) can increase

the reader’s power which in turn
increases an EIRP,,,40-. Secondly, can
increase the antenna gain (Gyqq). Next,
attempt to reduce the power consumption
of tag operations and finally, can increase
the PCE of the rectifier circuit or using
the impedance matching network. The
power harvester unit consists

matching network and rectifier circuit

of a

shown in Fig. 2.

Antenna "\ j
|

Rectifier
Circuit l

Matching
Network

Fig. 2 Block diagram of power harvester
unit

2.2 Motivation

Improving the PCE is the most
important technique to increase the
distance, refer to
Firstly,

communication
equation  (1). because an
EIRP,¢q4er 18 usually limited by regional

regulations, such as not over 4W ., for

the US and Japan, is the maximum
transmitted power, as G4 is almost
determined by the allowable antenna
area, such as about 1.64 for A/2 dipole
antenna [8], and Pyqq is also determined
by the functions implemented in the tag.
In general, it varies from 10 to 100uW,
an internal block diagram of the RFID
tag is shown in Fig. 3. The best PCE
from the previous works is about 38% at
a practical EIRP,qq4er [9]. Moreover, the

PCE 1is less than 30% for most
conditions. Therefore, there is room for
improvement. Based on these reasons,
this research an interested in improving
the PCE on the power harvester units
when there is a weak RF input signal.

+Vdd
Antenna Rectifier [— RFID tag
circuit Vss
—
\f 3 Clk %
Demodulator | Rx H
| Enable Gontrol
Logic
Tx
Modulator
...................... 1

Fig. 3 Block diagram of the RFID tag

2.3 General Problem in Power Harvester
Unit

As shown in Fig. 2 and Fig. 3, a
power harvester unit consists of a dipole
antenna, matching network, and rectifier
circuit. Given an antenna, designing a
power harvester involves characterizing
both the impedance network and the
rectifier circuit in order to choose optimal
parameters which lead to achieving
maximum sensitivity of the circuit. Since
the output impedance of the antenna is
not usually match well with the input
impedance of the rectifier, the matching
circuit is used to maximize the power
transfer from the antenna to the rectifier.
The fundamental problem regarding the
design of a matching circuit is the change
of rectifier’s input impedance due to
variation of active devices’ operating
points. This variation is because of the
changes in the RF signal level at its input
and the DC load.
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The rectifier’s circuits convert an
AC signal to a DC signal. For the
rectifier in an RFID tags, the fundamental
problem is two folds. Firstly, the
frequency of the AC signal is very or
ultrahigh. This leads to the difficulty of
designing or choosing active switching
devices. Secondly, the level of the input
RF signal is very low. This leads to the
problem of turning on the active switches
and increasing the DC voltage level.

Traditionally, a voltage multiplier
circuit based on multiple-stage voltage
doublers [10], as shown in Fig 4 is
applied to increase the DC voltage level.

1t p 'y

KDt

Cv=  Vour

SY

Var AD, =C

Fig. 4 An N-stage voltage doublers

For, N-stage voltage doublers, the
output DC voltage is approximately
obtained by equation (2) [11].

Vour =N (VRF - Vth) ()

Where Vi is a peak of the input RF
signal and V, is a threshold or turn-on
voltage of the chosen switching devices.
Most of the previous work has focused
on designing multistage multiplier
circuits. The first technique is to improve
the PCE value by reducing the threshold
voltage (Vth) of the switching devices, of

which Schottky diodes were shown to
be the best choice. The other techniques
used so-called Vth-cancellation techniques
in which MOS transistors are used as
switching devices. The MOS-based
rectifiers are more attractive because the
fabrication process is the same as that of
the processing unit.

2.4 Problem Statement

The main problems of power
harvester design using a Vth-cancellation
based rectifier are (1) how to design a
Vth-cancellation technique, and (2) how
to design a maximal-power-transfer by
using impedance matching. In this
research, the Vth-cancellation based
CMOS rectifier proposed by K. Kotani,
et al. [8] and [9] is adopted as the rectifier
part because of its strength of threshold
voltage cancellation and simple design.
Then, the research problem is how to
design a matching
between an antenna and the rectifier

circuit inserted
circuit.

This paper proposed a design of a
power harvester for the passive RFID
tags. When, an external matching unit is
put on the first stage of the rectifier
circuit to maximize the power delivered
to a tag, as block diagram shown in Fig.
2. From the previous works, the focus of
power harvester design for increasing
PCE has been on either rectifier or
matching circuits. For a rectifier, the
main problem is the turn-on or threshold
voltage of the diodes used in the rectifier.
The differential-drive technique, called
“cross-coupled bridge configuration” is
proposed [9]. This circuit has completely
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the largest efficiency as the differential-
drive technique needs no additional
diodes and external battery. However, the
reported differential-drive technique is
just assumed for the analysis of rectifier
circuits under the condition of perfect
impedance matching. With reconsider to
the impedance matching with an antenna,
a matching circuit needs to design so as
to match this impedance to complete the
largest total efficiency [10]. Therefore, in
this research two interesting techniques
are the Self-Vth-Cancelation (SVC)
technique [8], [9] and the L-Matching
technique [11], because the SVC
technique is simple design when
compared with the differential-drive
technique, As a result, the SVC is the
most advanced conventional voltage
booster. The SVC, on the other hand,
maintains a reverse leakage current at the
high RF signal voltage range, which still
affects the low voltage across the low
input  signal Therefore, this
research attempts to combine the two
techniques, SVC and L-Matching, due to
their simplicity and optimal design with

range.

passive tags.

The challenges of this problem are
two folds. Firstly, the rectifier’s input
impedance, which acts as the load of the
matching circuit, changes due to both RF
input and load impedance changes.
Secondly, the designed matching circuit
must be able to maximize the power
transfer to the rectifier and minimize
reflections from the antenna input port. In
other words, the matching circuit’s area
can be automatic tuning, which is a
challenge because it is utilized to analyze

the influence of the dynamic load on the
performance of the power harvesting
circuit.

3. Circuit Design and Analysis
3.1 Matching Network

The matching network functions
impedance transformation to convince
maximum power transfer [11] and [12].
Fig. 5 shows the part of the impedance
transformer where V;, and Z;, are the
induce voltage and input impedance of
the impedance transformer respectively.
The part of the output side consists of the
input voltage and input admittance
defined by V. and Y;. of the rectifier
respectively.

V. Impedance Vi
Transformer

Fig. 5 The picture does not need frame

Assume the impedance transform is
comprised of reactive component and
lossless.

Vie = (\/Re{Yin}/Re{YIC}/Z)VIN 3)
Re{Yin} = (1 + Q*)Re{Yc} “)

A quality factor of the matching
network at resonating frequency is the
Q variable. For a matching network used
L-type topology to consider, that when a
lossless network consisted of L and C,
Q = wyC/Re{Y;c} was defined. Where
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w, 1s the resonate frequency. Therefore,
the input of the rectifier is determined as

Vie= (V14 Q2%/2)Viy 5)

A high Q is required in order to
achieve a  high  voltage
Nevertheless, @ is  realistically
determined by the compromises between
several design parameters
characteristics of the antenna, the system
bandwidth, and the input impedance of
the rectifier.

gain.

such as

3.2 Analysis of Conventional NMOS-
based Rectifier Circuit

Fig. 6 Simplified model of a single-stage
NMOS-Based rectifier

Fig. 6 shows the simplified model
of a single-stage NMOS-Based rectifier
[13]. The DC output equation of an ideal
one-stage circuit for conventional NMOS
rectifier is 2(V;c — Vp), where the gate-
source voltage V, is not constant but, in
actuality, determined by the drain
current, the reverse bias leakage current,
the parasitic components, and the body

effect. Hence, the DC output voltage of

the one-stage rectifier can be expressed
as

Vo = 2(BVic — Vin — Vioss) (6)

When the value of

B =Cc/(Cp + Cc) (7

When (¢ is the plate capacitance and Cp
is the sum of parasitic capacitance at the
source. The value of V¢ is voltage loss
resulting from the current loss which is
dependent on I;p4p as well as the
transistor reverse-biased leakage current.
In consequence, for an n-stage rectifier,
the output voltage can be expressed as

VO,N =2N(BVic — Vin — Vioss) )]

As a result, find the integrated
relationship between the input power at
the antenna and the output voltage of the
rectifier as equation (9).
Von = 2N@B 2Py Re{Z,} =V, =V, )

Note that Vs will increase
followed by N because, with larger N, the
parasitic components would cause extra
losses. Thus, as N increases, the growth
rate of Vy y drops; as a result, Vp y will
not always increase along with N. In the
other word, the resistance of the input
impedance Re{Z;c} of the
decreases with increasing N due to the
parallel structure of the rectifier.

rectifier

3.3 Conceptual Design of the Research
The concept and design of the
research are arranged as follows. The act
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of the SVC is described in section 3.3.1,
the L-Matching selected as a matching
circuit design, presented in section 3.3.2,
starts with a brief on the SVC-Based
CMOS rectifier circuit combined with the
matching unit and continues with the
design of the proposed rectifier in section
3.3.3. Simulation and results are
presented and discussed in section 3.3.4,
followed by conclusions in section 4.

3.3.1 The SVC Rectifier Circuit

K. Kotani and T. Ito proposed [8]
adapted a CMOS rectifier stage to
Self-Vth-Cancellation (SVC).
The schematic shown in Fig. 7 has an
adapted rectifier with SVC
technique. RF input signal can model
each stage of the CMOS rectifier as
NMOS and PMOS transistors in parallel,
of which one is in the turn-on stage for
the saturation region and the other is in
the turn-off stage for the cutoff region, as
shown above, Fig. 7. A diode-connected
NMOS is in the saturation region when
VGs, which is equal to Vs, is greater than
Vth; else, it is cut off. Therefore, in the
negative half of the signal, the transistor
NMOS is in the saturation region and the
transistor PMOS is cut off as shown in
Fig. 7(a). The opposite is true for the
positive half of the signal as shown in
Fig. 7(b).

achieve

circuit

3.3.2 The Design of Matching network
The matching network functions
impedance transformation to convince
maximum power transfer. A very simple
circuit including only a shunt inductance
was selected as a matching circuit. Then,

the SVC rectifier was characterized to get
all parasitic capacitances and resistances
all parts as shown in Fig 8.

DCoyr

—t—r——oe E::Co

R Ce

Ve

(a) Negative phase, NMOS turning on

) —
T “» DCour

(b) Positive phase, PMOS turning on

Fig. 7 Diode connected NMOS and
PMOS (a) Negative phase (b) Positive

phase
e Il )
" =
...... Cs
% - <
v Zw § 4% Zour ' [] z
RF
e 'Y
A S

Fig. 8 Schematic of the L-Matching
circuit
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Fig. 8 shows the schematic of the
L-Matching circuit. The aim of designing
an L matching network is to deliver
maximum power transfer at 953 MHz. In
this design, the antenna is modeled as an
RF source with internal series impedance
z, of 50Q. On the output side of the

matching circuit, the input impedance of
the rectifier is considered as the complex
impedance Z, . The lossless network with

only reactive components is achieved by
setting the complex output impedance of

the network Z,, to be equal to the

complex conjugate of the load impedance
Z, and the input impedance of the

network Z,, to be the complex conjugate

L

of the source impedance Z, calculates

from equation (10), and (11).
Zy=2Z (10)
Zowr =2, (11)

To obtain equation (10) and (11),
we ignore the series resistance of the
inductors and the capacitors [8], [9].
While the value of Z,,, and Z

IN > our 18

shown in the following equation.

_ 1
Zy = ((ZL |jwL, )+ ol j (12)

N

1 :
Zour = ([ZS T J”]CULPJ (13)
JoCs

For, the requirement of high Q in
order to achieve a high voltage gain.
However, Q is realistically determined by

the compromises between several design
parameters such as characteristics of the
antenna, the system bandwidth, and the
input impedance of the rectifier.

1-Stage
SVC Rectifier Circuit Load

Signal L-Matching
Generator Circuit
- [

I H

< H

Co=— :: R H
H

Fig. 9 Schematic of the 1-stage SVC
Rectifier with L-Matching circuit

3.3.3 Proposed Circuit Design

This paper proposes a design of a
power harvester for passive RFID Tags.
Then, the matching unit is put on the first
stage of the SVC rectifier circuit to
maximize the power delivered to a tag, as
the schematic shown in Fig. 9. From the
previous works, the focus of power
harvester design for increasing PCE has
been on either rectifiers or matching
circuits. Therefore, this research work
tried to combine the two techniques,
SVC rectifier, and L-Matching circuits,
because of their simplicity and suitable
design with passive tag.

In the first step, the value of Z, in

the matching circuit is calculated using
the RF Impedance Matching Network
Designer Tool to determine the matching
circuit parameters [14]. An antenna is
modeled as an RF source with a series
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impedance Zof 502 while the rectifier
has modeled as a load impedance Z,,

which is approximated from the process
and design parameters of the NMOS and
PMOS transistors used in the SVC
rectifier. Both of these impedances are
used to find optimal matching parameters
of the chosen L matching circuit.

In the second step, the parameters
of the rectifier circuit is taken from [8],
and [9], presented by the design and
fabrication of an SVC CMOS rectifier
using 0.35pm CMOS 2P3M technology.
Where the parameters of the SVC circuit
used in the design are obtained from
actual measurements of the impedance of

the input rectifier’s Z including the

RECT >

coupling capacitor C,. of 4pF and the
filter capacitor C, of 7.8pF while the

parameters of the L-Matching circuit can
be calculated as a capacitor C; of 0.82pF

and an inductor L, of 35.72nH.

3.3.4 Simulation Result
To estimate the proposed design, the
circuit simulations using the LTspice of
the Linear Technology Corporation and
the Electric VLSI Design System are
supported using the proposed circuit [15],
[16], and [17]. The RF input voltage is
set ViN as the various around 380mVims
until to 770mVms for the testing power
delivery to load, as a summary of the
power conversion efficiency (PCE %)
displayed in Table 2.
From Table 2, PCE is the power
conversion efficiency proposed in SVC
with an L-matching circuit. Therefore,

the percentage of PCE [%] can be
calculated as follows in equation (14).

Table 2 Summary of the
conversion efficiency (PCE %)

power

Vin Pin Vour Iour Pour PCE
(mV) W) @mV) @A) QW) Yo

3804 6.8 314 3.1 0.1 14

484.8 340 2369 237 5.6 16.5
581.1 949 6438 644 414 43.7
611.1 250.0 7838 784 614 24.6
648.0 4634 862.5 863 74.4 16.1

690.6 697.0 918.7 919 844 12.1
737.4 97677 9638 964 929 9.5
769.3 1230 1000 1004 100.9 8.2

POUT VOUTIOUT
PCE[%] = = x100 (14)
IN IN
50
! Proposed Design i
a5 ! @ -10.22dBm (Input Power) i
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RF Input Power Py {dBm)

Fig. 10 Measured PCE (%) as a various
RF input power
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Fig. 11 Measured PCE (%) as a various
RF input voltage
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Fig. 12 Measured DC output voltage as a
various RF input power

4. Conclusion

Results of the simulations are
provided in Fig. 10, Fig.11, and Fig 12.
This proposes a design procedure of a
power harvester for a passive tag. The
idea proposed in this research is to insert
an effective L matching circuit type given
that an antenna and rectifier are chosen.
Table 2 concludes the results in terms of
power efficiencies. The
results show that DC load change has
smaller effects than does the input RF
power, by comparing the simulation
results with the conventional SVC
technique on the PCE issue. In Table 2
and graph Fig. 10-12, the DC output of
the rectifier yields the power conversion
efficiency of 43.7% for the input RF
power -10.22dBm at the output voltage
of 643.8mV and the output current
64.4uA which corresponds to the output
power of 41.4uW, as the load resistance
connected with a 10 kQ resistor.

conversion
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Abstract

The objectives of this research were the determination of sorption isotherms and the comparison
of mathematical models to determine a suitable model in different temperature ranges for Khao Dawk
Mali 105. This experiment was made by placing samples in containers which were contained saturated
salt solutions to control the humidity in the ranges of 5.32 — 84.34 %RH and the hot air oven was used to
provide temperature conditions at 25 and 70 °C. The samples were in containers until the mass of samples
was constant so the equilibrium between the samples and the surrounding was reached and then the
equilibrium moisture content was determined. The experiment found that for the same relative humidity
in the air when the temperature increased, the equilibrium moisture content would decrease and for the
same temperature in the air when the relative humidity increased, the equilibrium moisture content would
increase. Furthermore, the comparison of models by analysis from R-Squared (R?) and Chi-Square (%?) in
each temperature found that Henderson model was a suitable model at 25 °C and Chung & Pfost was a

suitable model at 70 °C.

Keywords : Moisture Sorption Isotherms; Khao Dawk Mali 105; Equilibrium Moisture Content;
Saturated Salt Solution
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AT uvesiunenued 105 Ingtuuusiasd
nendnmansuldosuisuasiUsuiiisuiiom
WUUSIA0INIAL AAIENS T LMLz aUAI NS
F11919m0nuzd 105 figungdl 25 ssriwaidos
Fadugnmafifianinzgnsiduinwiiald waz 70
psrwaldoa daduguuniiioylutiagungd
auuis Waduussleslunisesnuuuin3oseuutia

wazan1zmauinyudaiuginmely

2. 52108U25798
2.1 NSATPUAIDEY

I1ldenvninenuyd 105 (Oryza sativa L.)
Fodutrafidunisiud sauiudaduoan
8 LADU INUTIUAIANSTUBDNLR UL BT DD
Uszimalneildlunsmeass Ifgnuvady 2 nqu
Ao dfudmiunismilelamennisaeninuiy
gnndeslasthdnidenlufunnutundudaens
mﬂﬁﬁwuamqﬂmé’ﬂﬁﬁ";ﬁu newiluussgluge
Funaslaain anndudaesiald 24 $alue Tud
gauniish (8w el dudluluudadiuey
nanewdudndu 1181, [19] wagBnnauie $11uks
é’m%umsmlaleumammi@‘]mmm-ﬁyu equqmm%'au
Tasmsidaddentveulumeuiterdnanuiu

Tigaumgf 105 esrwaidea \uan 24 F7lus [20]

iy wsdnoenidu 3 ndu nquar 10 ia ussy
Tunivugnuaudousvulusakadiclaaiin
U3uns 1,360 gnuiaiigudiung [21] Tdansavane
\nF0due (Saturated Salt Solution) dw¥unIuny
anmzanutumelundes Ssansazaneindedusail
Qma:uﬁﬁium‘amuqmmm%uﬁmﬁ’mémmmmﬂ

P

witloansazaneld lnvansavarendadususazain
azﬁmmam’ﬁﬂumimwgmmm%ué’mﬁwﬂé’lﬁ
wirtu wenandudsduey Avgmngdseu 4
ansazanedig dmsunisnnassilaldansavane
ndedua 5 vin dmsuadieaninzaud us

A5197 1 danUasann [91, [17]

A15199 1 ANNTUFUANS 1N AA8luA1BULN

Uiiﬁ;miaxmamﬁa@uﬁa 9], [17]

Salt solution 25°C 70°C
KOH 8.23 5.32
MegCl, 32.78 27.77

Mg(NO,), 52.89 -
NaCl 75.29 75.06
KCl 84.34 79.49

2.2 %IIUWE]Uﬂqivlﬂaa\i

91n3U7 1UsI9a15aTA8LNE 8 U1
(Saturated Salt Solutions) USu195 250 Ejjmnﬂﬁ
WURLAS Aaneay 1 luniusudUaliain i
ayugaanardldlugouauseu Universal Oven su
UF160 91nU3 %9 Memmert L#i 8518838017

aaunnd 2 dn1iveeniuAe 25 way 70 peAwaLged

9 U

[

AINUBLAY 2 é'haa'w%’nﬁaﬁm%gﬁLLazmw%u
5199 gty swmd iy daeiaieq
Analytical Balance ME204/M 999UT¥% Mettler
Toledo (ANuagLden 0.0001 NSU) AIRNILLAY 3

Tngnoutausarasirseligungivessitegsmnas
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Saturated Salt Solution
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te 3
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Constant |
=] 8 ] ] 8 « ,.e:;mt « o
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JUT 1 QUNInluAzTUROUNTNARDS

ufiAiniugamgiivies uazagdsaunininin
¥9391798Asi EnsivasuntadlitAu 0.001 n3y
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mmi‘yuaumﬁa (Equilibrium Moisture Content)
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105 peAwald oa Jutnan 24 ¥2lus [20]

=% o w t%

AIRUELEY 4 HINNUUTIUIV1ILAINITIUINRTA
FINUNYLAY 5 wazu1A17 Tale lUuA1uI NI
AIMINUTULIATFIULAS (Dry Basis) Asaunisn (1)

AnLlasann [22]

w—d

M, = x100% (1)
Tnedi

M, = AMAnuTuInTgILLIR (Wesidud

UINTFIUUIN)
w = dnNSUAUYRINARN I (N5L)
d = dwineandueiuie (nSY)

dmsulelawauainuduludnilaainnis
naaeeu aggnunldlunisasreaunisdmiu
Mugealelemanauduiigaumaiisng q lag

AUNISNIAMAAIANS T 9 nUIU T d1NTUNS

U

[
b

Tnsenteyalumsfinuluanifisnisned 2

s

9

q

Model Equation Reference
A-B-C-RH
EMC =
GAB (1-B-RH)(1-B-RH +B-C-RH) (23]
B
EMC=4 RH
Oswin (1-RH) [24]
1
EMC = In(1-RH) |B
Henderson B _AT [25]
1
In(1-RH) |C
EMC=| ————=
Henderson & Thompson -A(T+B) [26]
1 | (T+B)nRH
Chung & Pfost EMC=—1n _C [26]
1
iy B
Halsey EMC = {Tln(RH):I [27]
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lngl
EMC = enpnutiuaunavesianuuuinggiy
wia (AlansusieAlansusiawia)

A,B,Cuag D = ANPRTIVDIUUUTIADY

T =guugil (eariwalfua)
RH = A nududusinsyesennid (mates)

Ui umAIANULLUENUBIEUNT I ULAAY
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dmTud 199N HTulag A TUINAININERR 2

& o
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o
[ a v v

AAIEDY Pagun1sMsanAnanatnat [28], [29]

(M, -M

N 2
2 Z;(Me oM, .
_ =
X = N—n 3)
Tnedi
M,, - AruduanaTesTanTildainnig
npaes (Alansuisenlansusiauss)
M, i = mm%uamﬁasuaﬁaqﬁlﬁmﬂmsﬁmw
(AlansuthseAlansumiauia)
N - $umiduns
n - $rnaAAiluwuusass

3. HaNISANYILAZRAUIIENE
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(Moisture Sorption Isotherms) 9849 17919A80

uzd 105 figaumndl 25 uaz 70 asrnivaidoa Tutas
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Toleinena21ud W (Moisture Sorption Isotherms)
[30] uazdanudnindlefiarsaniigumgiiiiediu e
ATAIUT UFUWNFVDIDINIALANT U danaliAn
& o & a & =
AuRuaunavestUdoniiiudulunsdlelamay
N139AAUTUTBIINlaAIANNTUFUINS VRS
oA uty vinliauaulevesloulueinia

gadu vililevlueniaiAnnisaisloutag
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sulevaslerluainieni uuind u vilaly

Jdennianusulesininaieleusen

doneseuuenlianad
mﬂﬂﬁw%‘laﬁmammm%ﬁLLamﬂugUﬁ 2
wae 3 anfiuidnuvarveinsmlanuduiusalddy
\Jugusatea (s-Sigmoid) dardulumunguijves
TolmmeuanududmsuTanmeninnuns [31]
mﬂwam'ﬁwmamﬁiﬁmugﬂﬁ 2 waz 3 lagn
1118519 UV DINALAFAENSE NS UTIIUBAN
Tolowenmnuiy Tnelduuusianinnaisied 2
FegeNdwITN19Edf Teaneiivesuuusiaes,
AduUszans nsindule wazainisanaslamas

@09 Tuwmazuuuinaaldninsnad 3

A15199 3 AP WAZANMIIADRYILUUTaRINRRnAansarsUlalamauAuTUlud v INeNLEE 105

Adsorption Desorption
Model
Constant 25°C 70°C Constant 25°C 70°C
A 0.027 0.017 A -0.108 0.017
B 0.976 1.071 B -4.359 1.067
GAB C -4.073 -4.860 C 1.123 -4.527
R? 0.950 0.978 R? 0.999 0.974
2 0.00131808 0.00027773 & 0.00005253 0.00033150
A 0.083 0.060 A 0.106 0.064
B 0.379 0.467 B 0.316 0.415
Oswin ) )
R 0.997 0.998 R 0.998 0.998
¥ 0.00005227 0.00003019 e 0.00004041 0.00002850
A 2.011 0.692 A 3.097 1.108
B 1.754 1.553 B 2.149 1.766
Henderson 5 5
R 1.000 1.000 R 1.000 1.000
N 0.00000724 0.00000623 & 0.00000267 0.00000546
A 1.925 0.682 A 2.962 1.093
Henderson B 1.110 0.996 B 1.141 1.000
& C 1.754 1.553 C 2.149 1.766
Thompson R? 0.997 1.000 R? 1.000 1.000
e 0.00001448 0.00000623 e 0.00000534 0.00000546
A 20.988 25.323 A 20.029 26.559
Chung B 3.610 -32.943 B -22.431 -35.495
& C 121.627 138.406 C 15.719 149.478
Pfost R? 1.000 1.000 R? 1.000 1.000
2 0.00001017 0.00000174 e 0.00002739 0.00000205
A 0.112 0.676 A 0.081 0.466
B 1.980 1.458 B 2343 1.628
Halsey ) )
R 0.991 0.992 R 0.994 0.993
e 0.00025309 0.00009211 e 0.00024532 0.00009261
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913U 4 - 5 WuinAnBameITa (Sorption
Hysteresis) Fa1dulsngnIsalnuLANAIIDIAT
Aud uaugasznitangAnssulelsmounisany
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Y 9
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wonauduansdlelnennisgaauiuuarle
Toiennisaieaud uluunazouund Lite
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Abstract

This research objective was to determine physical and aerodynamics properties of Khao Dawk
Mali 105 paddy (Thai Jasmine paddy rice). The paddy sample in this test was prepared with different
moisture contents in the range of 10-26 % WB and air temperature in aerodynamics properties test
was varied in the range of 50-100 °C. Test results were analyzed to determine the statistical mean
difference by DMRT method (at P<0.05). It found that moisture content in paddy affects the difference
of average length, width, and thickness of grain and results the difference of geometric mean diameter
and degree of sphericity of paddy. An increase in paddy moisture results the increase of average bulk
density and kernel density but it reduces the porosity of paddy. Moisture content in paddy affects
the difference of terminal velocity. Moisture content in paddy and air temperature influenced the

difference of average drag coefficient of paddy.

Keywords : Moisture Content; Aerodynamics Properties; Physical Properties; Khao Dawk Mali 105
Paddy Rice
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Abstract

The trend of energy savings has been widely interested and phase shift transformers (HMT)
have been extensively used. This paper presents the investigation of the effect of harmonic currents
on losses of the HMT. In this paper, a 15-degree HMT with quad secondary winding is applied to find
the relationship between harmonic currents and losses of the HMT. This relation can be met by
testing the active power of primary and secondary sides while the HMT supplies for two and four
non-linear loads at 25%, 50%, 75%, and 100% rated currents, respectively. The results reveal that
harmonic currents affect winding eddy current losses significantly and the losses for loading the two
secondaries 1 and 2 are the same as loading the two secondaries 1 and 3 while both %THDi are
different. However, for loading the secondaries 1 and 2, the %THDi is more than 15% so it is not met
IEEE 519 Std. while the HMT is supplied with four loads, the %THDi has met IEEE 519 Std. and the
losses are less than 57% compared to one load. As a result of these, if the HMT is applied to an

adjustable speed drive system, it is not only reduced the harmonics but also saved the energies.

Keywords : Phase Shifting Transformers; Power Quality; Harmonics; Losses; Energy Savings
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Loads Current harmonics in each order (%) THDI
of Sec. 5 7 11 13 17 19 23 25 (%)
1 22.69 11.26 9.06 6.38 5.62 4.39 4.03 3.29 30.32
142 15.78 7.81 N N 3.98 3.21 3.98 3.26 17.85
143 - - 8.94 6.3 - - 3.98 3.26 11.99
1+2+3+4 - - - - - - 3.98 3.25 5.65
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Factors Affecting Delay of Construction Projects
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Abstract

The research is aimed to 1) study the level and priority of the factors affecting the delay of
construction projects and 2) provide suggestions in relation to the prevention of such delay. The
sample is 520 people who were working for different construction projects. They were project
managers, project engineers, field engineers, and foremen. The data were collected by using online
questionnaires and analyzed to find out mean, standard deviation (SD), frequency, correlation
coefficient, and confirmatory factor analysis. The findings reveal two significant aspects. First, those
who were working in the construction projects concerned about the factors affecting the delay of the
projects at high level. Respectively, the factors related to design, resource, external factors and
others were taken into consideration. The factor regarding to work performance is regarded affecting
the project delay at the highest level. Other factors, i.e., the design, external factors and others, and
resource have the affects at the lower level. Second, the work-related factors can help prevent the
project delay. In other words, the construction plan and methods as well as the project management
should be well-implemented in accordance with the design. The construction site should be on
inspection considering its drawing. Regarding the external factors and others, the public voices of
those living around the construction site should be taken into consideration. Furthermore, the
effective use of the resources can be carried out by sufficiently preparing all materials, tools, and

equipment for constructing any project effectively as a consequence.

Keywords : Affecting Factors; Delay; Construction Project
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ANER 4 HanSIATEvuUsE RS andutuSuo sy el

DES1 DES2 DES3 DES4 DES5 DES6é RES1 RES2 RES3 RES4 RES5 RES6 PRC1
DES1 | 1
DES2 5.562** 1
DES3 | .284" 5277 1
DES4 | 367" 4257 426 1
DES5 244" 291" 268" 219" 1
DES6 | 2117 289" 268" 301" 244" 1
RES1 287 3917 284" 3527 070 245 1
RES2 2227 1357 1117 268" 031 147" | 467 1
RES3 348" 276" 291" 313" -060 242" | 461" 473" 1
RES4 431" 344”3277 330" -018 277" 402" 3757 830" 1
RES5 029 075 .045 133" 129" 104" ¢ 159" 193" 200" 244" 1
RES6 2857 3577 3297 254" 1027 2377 | 424" 337" 5727 5927 281" 1
PRC1 427" 435" 201" 3157 174" 3147 2347 198" 331" 433" 1757 4127 1
PRC2 498" 457" 442" 462" 180" 287 3457 306" 588" 677 2107 556" ! .561
PRC3 435" 503" 411" 483" 224" 300" 303" 274" 521" 528" 187" 518" | 506"
PRC4 3507 434" 428" 312" 1617 282" 298" 303" 442" 514" 266" 518" | 553"
PRC5 4297 3367 283" 206" 1117 1957 3017 3437 4557 5427 186" 563" | 438
PRC6 362" 353" 3527 3177 138" 3457 2867 3317 478" 5907 176" 5457 | 529"
OTF1 449" 309" 262" 3357 1917 276" 1517 2477 1637 2697 234" 265" 449
OTF2 4967 368" 142" 376" 144”1957 1717 204" 302" 352" 149" 3107 500
OTF3 498" 364 220" 393" 143" 1957 198" 234" 3337 379" 151" 408" 534
OTF4 4517 3267 2177 2957 096" 236" 1997 289" 448" 492" 185" 440" 508"
OTF5 564" 4567 219" 389" 146" 3317 257" 324" 416" 492" 156" 422" 622
OTFé 220" 183" 158" 041 186" 142" 031 034 057 1397 161" 207" 2817
OTF7 256" 336" 292" 156" 213" 158" 150" 170" 1100 477" 246" 3257 378"
OTF8 3517 3777 339" 273" 2147 2637 194" 1867 2360 333" 294" 426" 349

PRC2 PRC3 PRC4A PRC5 PRC6 OTFL OTF2 OTF3 OTF4 OTF5 OTF6 OTF7  OTF8
PRC2 1
PRC3 732" 1
PRC4 654" 660" 1
PRC5 616" 525" 590 1
PRC6 | 6727 609" 683" 634" 1
OTF1 388" 391" 473" 3247 3917 1 1
OTF2 458" 490" 432" 430" 335" | 645" 1
OTF3 5367 498" 4507 434”4147 1 5597 757" 1
OTF4 558" 499" 5077 490" 4257 | 528" 691" 644" 1
OTF5 586" 5507 5757 5157 5377 % 569" 706 7197 706" 1
OTFé 1617 1517 2167 434" 125" | 373" 317" 273" 374" 332" 1
OTF7 330" 271" 340" 2057 282" ! 486" 293" 365" 349" 385" 495" 1
OTF8 476" 461" 502" 388" 488" i 545" 481" 502" 488" 508" 476" 631" 1

Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) = .915, Bartlett's Test of Sphericity = 8202.082, p< .001

NUYLNA

" p< .05, 7 p< .01
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\ RES6  [€—0.352
@ / PRC1 [€—0.000
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0.655" .
1322
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1063 —3|  prca  [€«—0.094
1,067
1175% | prcs  le—o0.106
0.512"
PRC6  [€—0.102
OTF1  [€—0.000
OTF2  [¢—0.125
OTF3  [€—0.134
OTF4  [€—0.152
OTF5  [€—0.135
: OTF6  [€—0.113
2= 261.79 (df= 228, p= .062), GFI = 922 ' \
\ OTF7  [€—0.103
AGFl=.880, CFl = .996, SRMR = .045, RMSEA = .025
OTF8  [€—0.105

NUBLA

" p< 01
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- MsfiasaneyliikuuLay Tana DES6  0.499 .081  6.13" 22 5
2) fuUnsneIng RES 0.315  .047 6.64" .68 4
- AuAAYIMNT/AeUALNY TiTvinyzuazysraumsal RES1T  1.000 - - 22 5
- PIaLAaUTSHToLazIIIUNEE 1 RES2  1.019 159  6.39” 19 4
- aumaueiesinsuaziadede RES3  1.968  .271 727" 50 3
- MawmaudaguaraUnsallunisneasne RES4 2583 365  7.08" 74 1
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- midamauﬁuﬁdaa%wadw%’wmmjjﬂﬁw PRC1  1.000 - - 46 6
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- anmeniAiusUTIu Rndesssued OTF6 0587  .113 5.21" 12 8
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* o o U 90’ LY (3 t4 *%
weme  Sesddunnantintnesduseneuinnlunites,  p< .01
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Abstract

The amount of dissolved oxygen (DO) in aquaculture ponds is considered to be one of the most
important aspects for the survival of fishes. The water in aquaculture ponds is stratified into distinct layers
with different DO caused by differences in temperature. This temperature difference occurs when the surface
layer of water, heated by the sun, becomes hotter than the lower water layer. Since the top layer is in
contact with the air, it contains the most DO. On the other hand, the deepest layer is isolated from the air,
it contains the lowest amount of DO. This study proposed an aeration system called a Solar Circulating-Water
Aeration System (SCWAS). The SCWAS uses solar thermal energy to create a natural water circulation. In other
words, it provides an upward current of water from the bottom to the pond surface and a downward current
from the surface to the bottom. This circulation creates the movement of surface water and then increases
the DO content of the surface water. This water circulation moves highly oxygenated surface water to the
bottom layer, forcing low oxygen water from the bottom up to the surface where it can absorb oxygen. To
evaluate this design concept, the numerical simulations of the system were conducted using ANSYS Fluent
software. According to the simulation results, the SCWAS can provide the natural water circulation. It was
found that a flow rate of 2.24 L/s is obtained when the ratio between the draft tube inlet (r), the draft tube
outlet (R), the base (L) is 1: 2: 3. In addition, an SCWAS prototype was built and installed in a tilapia
aquaculture system. A calibrated measuring system was installed to investigate the prototype performance.
The experimental results indicate that the average DO values at the water surface and at the bottom of the
pond increased by 1.45 and 1.40 times, respectively, compared with those of a pond without SCWAS.
Economic analysis shows that the payback period of SCWAS is 4.58 years and its investment cost is 17.49%
less than that of the paddle-wheel aerator.

Keywords : Aerator; Aeration System; Aquaculture; Dissolved Oxygen; Solar Energy
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Parameter Initial Value Varied Range
L1 (m) - 0.05 - 0.65
L2 (m) - 0-0.6
L3 (m) - 0.65 - 0.05
D (inch) 1 1-4
r(m) 0.1 -

R (m) 0.2 0.1-0.2
L (m) 0.7 02-1
Heot (M) 0.3 0.05 - 0.4
Houtet (M) 0.05 0.025 - 0.2
Hintet (M) 0.5 -
Hiotat (M) 0.5 -
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) HAINLUVIIADY
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A, Regime B W8z Regime C @19y

NNTLUT YUY UNALTIA NN INUDIYA
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Snwaznisivadindnondsiuvesis 3 Regimes @4
Funaldandiivsngnsmadinazuaemisonn
YosyAnAdBUiULULTIa0s uonnddaldviins
araouraludwTinaiiedumsiusudsiaey

39168

025 | TN e a

A Regime A Simulation
0.20 DORegime B Simulation
O Regime C Simulation
A Regime A Experiment
M Regime B Experiment
@ Regime C Experiment

0.15

Dimentionless Temperature, Tin*

0.10
0.15 0.35 0.55 0.75 0.95 115 135 1.55 175

Area of Bottom Opening, A3*/A1*

5U# 6 nsilSsuifigunaldalTinaesyanadey

AULUUTI80IM 3 Regimes

N TUT UL UNALTIUT B IYA
Naaay (Experiment) AUKUUI@849 (Simulation)
Tugui 6 wandliiiiuin uuiltumesdoyatis 2 yodl
Famaieaiu wazduuiis 3 Regimes Wayka
NN1sTeuisuaung JL5iHA nuauaain
\ndouaglutas 2 - 25% lngAruaaiaad ouid
ANNANIIN N153Na0FUNALAIUTOUT NS
nsrargegiafsiiuinaiu uilugemaaeudy

a

A15ANAITALADS D LAAINUSBUN AU UINTINANS

ey rewmgnaiIvilvrgamgiilainns

agsraraadeuluaNnTingsivesyavaaey
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WBATIADUNNITVINNUVBITTUY SCWAS 13
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a
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(DO) 7l FunU 1 Treatment wae Control 4 11y
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Arduino 138usaeu) duadlluve laegaia DO1
waz DO3 shwanininduszes 10 lwufiuns 0
DO2 waz DO4 shaanALdusres 120 wuRung
Fausazgaviinstuiindr DO w9 15 undl was
Uudinteyalilu Data Logger Fisumia Treatment

wag Control

l¢ 3m »l

¥ gl
— Control Treatment ——

SR

12m

e 15m

l DO4 DO2 l

o
Y o

U 8 dunisnsinnsgain DO ngluvenaasy

A1RSUNI5USLLHUAIINEINITOVDITEUU

SCWAS 1avin15iUSsuLfisuan DO YDIshUU4
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Ahduuunasindiduans Taeaniildazanunsa
vanlansguuiianuaiuisalunisiiueendiaule
wntesualmudiofisutuveundfildldfnszuy
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DO
Evaluation = —=2m=rt 2)

Control

Toeil
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DO = ANBONT LU avasluti i fruni
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dmdunisussidunaiAsugaandiile
Usziiuanuduatlunsidentdaussuy SCWAS
1314697 3 fausznaudu ldu NPV, PBP way IRR
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NPV (Net Present Value) Ao n15UseLiiu

o
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n R
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t=0 (141)

Tnefl
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PBP (Payback Period) A® iz&lznmﬁuﬂqu
dwsumsamuiulasinisle q laglunmsduale

ANDMIIFIUANTINAIE FIAUNTSN LTI UAITAILIN

Gl

PBP =y +abs(n) / p (4)
Taofi

y = Srunudneuiyadazauduuan @)

abs(n) = yadazauvesUi y ngldruin (um)

p = yarazausudundanduun (um)

IRR (Internal Rate of Return) A ® & 7351
KamauwuaAss167 Falustananeuwnumnm
aranTafizlasuluusaz il oviinisaanudy
Tassnsla q Taglumsdundneguuiiugiuves
NPV winuguduazysnmannsandnsidiuan
wazlngyidlunisduium IRR fflanududeuds

o I3

Heuldandudniagulu Excel tivevinisAiuim

Taedisnsaall
= IRR (first cell : last cell)x100% (5)

lned
first cell = 8y Cell LFUAUVDINTLUAIUAR

last cell = sy Cell qmﬁwmmﬂimaﬁuam

lunsUszidiunnudualunisidenldeu
SEUU SCWAS lavinisidTeutfisunu Pump wag
Paddle Wheel & st uszuudt 18 Iu# 1 Tunisiiu
o1 Iaglunsusediulanuualinnsfimesuns

o o 1

Favindugy Sruaulanditaes (Fa/sou) dmdule
W F AR 955 UU SCWAS waz Pump &@2u Paddle
Wheel fifmusldsnnulanides Guansiei 3) 3
FIUININNTIBN 2 SUU 1o n Paddle Wheel

dauaiunsalunisiduesndiauidguag s

Uszillulrdruiuvanluveiianunuiiiuuinnan
dmsunisana1lii 1999 Pump waz Paddle
Wheel ldduanainidsinduesgunsaliilald
ulunsaviiou lneAnA WA n1usnIIN1T T
7 A, fnue wazdmsudeulanismuianile
ﬂﬁlﬂﬁﬁﬁyjaﬁ?%@ﬁ@ﬂﬂiiﬁ@ummﬂﬁy’ﬂ 3 wiln wang

1AR9mn5197 3

713999 3 FoulunN1IAIUIUNILATUEAERTVD

guUNIaliAneINIeve 3 viin

aunsalidsana
518115 Paddle
SCWAS  Pump
Wheel
&Ly (os) - 200 1491
Snuuaiides (h/seu) 312 312 628
AiugUan (Um/ea) 10 10 10
A1 (Um/nn.) 25 25 25
Fuewnsild (nn/seu) 615 615 615
dminumaaie (n/) 123 123 123
seUan (L/nn.) 60 60 60
i (Snsnduan) (%A) 3 3 3
21glAsans (@) 10 10 10
AN (%/0) 10 10 10

TunIsATUIUNIBATEFAERST LA Ul
msizideslunnazsauldiian 5 houlieiAu
NaNAR UMY A9 | (ns1dauan) A lglunng

AUINLAaYSaUIILAINTUSoEaY 1.25

4. Han15AnEN

Han1sAnwIUsENOURIY 3 daufe nadild
11581889828 ABURADSLIA BN IVUIAT L Hu Nz
YOITTUU WaTilAaInn1snageuiule Lasnan
miﬂimﬁumqmwgmamlﬁaLﬂummﬁaﬁlumi

AU Paanilawanadadaluil
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4.1 Naﬂ']iﬁ']aaﬂﬁ%ﬁlﬂaﬂﬂ?Lﬁa%
1NN159180958UU SCWAS Tuldsunsy
Ansys Fluent Lﬁamsumﬂﬁﬁﬁqm‘uaﬁzw Taayi

A5RITUIINERNTINTIMaAnTU TaRanatl

4.1.1 N15ANWIBNTNAAINIIAUIVUULY 91N
AMuTau
1591091 dun15ANwIBNENAAILE
auuuuwisthudeu (L2) wegirinaetislssie
sasnslvadoufiiniulussuundolyd Fenaild

o d'
LEAIAIRNIT1IN 4

A19199 4 BVIBNAANUYIRUIUUULYRENANTBUY

Y

fdananadnIINTivaiey

L2 (m) Flow Rate (L/s) Ratio
0.00 0.26 1.00
0.10 0.28 1.09
0.20 0.31 1.22
0.30 0.36 1.39
0.35 0.39 1.51
0.40 0.42 1.63
0.45 0.45 1.76
0.55 0.53 2.08
0.60 0.62 2.41

P
=

ANNIS197 3 WU BTTeY L2 WWUAY

a

AINALATNIINT IS UANTY LAz uLNAEe

q

Wle L2 AU 0.6 1AT kazaINNaILLiuI1ens)

nslvaiiingsdis 2.41 wndlaWieuiunsallaidauiu

g <

(L2 = 0 wn9) AaiuazmuINIsinauIu lUiy
LVIUIANS BUAIYTL UL MU FNAL YN LA DMSN

mMsbvadeunutule

4.1.2 nsAnwguwuuN1sAnAWisitauTau

= dy < = =
nsAnwIliduNITUI UM BUFURUUNIT

AAMILLVIUIAINNTBU 3 WUU bAWA Central Rod,

With Rod Top taig With Fin Fauvuusndianie
LLﬁqﬁﬂmmgauﬁasﬂimmaN wuuilaeadunuui
WisuatAuS o U § LI URUULSN Waghuy
aavheiinislansudnaniidutansvesuviaiay
Jou ImagﬂLmumiﬁmﬂgmviﬂﬁmamﬁga 3 WARIAa
gﬂﬁ 9

Central Rod With Rod Top With Fin

35U 9 nsfinnsuviatinuTauna 3 ULUY

A19197 5 sULUUMsAndavisiauioundwa

o

fBOMIINTaLIEY

Model Flow Rate (L/s) Ratio
Central Rod 0.6186 1.00
With Rod Top 0.4953 0.80
With Fin 0.7042 1.14

21NA13197 5 NurgULUUNIARG Ui
anufoudidaiu (With Fin) Idnnsivaliougs
fian uazAndu 1.14 wiudleifisuiuwuy Central
Rod Ay sfinfauvistinudeunuy With Rod
Top THnsnslnaiisutesd gad et udy
sUuwuud u 9 Fe8nsnisluadanauduna
desnanuvishenufeudiiiudunlusuuuues
With Rod Top 9713msnisluavastinfinisenn 39

danalionsinisluaieunutuszuuiliananas

4.1.3 nM3Anw1BNTNavaIFUNI
W BASIVABUNANTENUIINATUR UL UAY
YUV UNTIAANlUIUT 4 Lavin1sdne

W15098s 5 i Aemelull
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Flow Rate (L/s)
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et
o
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o
B
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——m—— Dimeter of Rod; D

—&— Radius of Chimney

Outlet; R
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——¥—— Height of Base; Hcol
——e—— Height of Chimney

Outlet; Houtlet
....... Ref. Case

o,

o
»
S

0 005 0.1 015 02 025

035 04 045 05
Dimension of Studied Parameter (m)
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R : SAinNgeanUans (lwms)

L : A18713§ U (14R3)
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meaﬁlﬁmmmiﬁ?’lamLLamﬁdgﬂﬁ 10

gih?f 10 Wumsuansdasinisluailinen

MsasunUauinvemnsfinedeis 5 §2 910
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wdafiinanmsiinawinsemisines Wunaun
TnMsemTvnzaLve s lnesFAtus iy
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NaNLAIINNITINBDILEAIAINNTIN 6

A19197 6 BVENaN1TVELFUNTIULLITIUTIA A

o

#ROMIINTaLIEY

Flow Rate (L/s)

r R L
Central
(m) (m) (m) With Fin
Rod
0.10 0.20  0.30 0.86 0.92
0.15 0.30 045 1.04 1.30
0.20 0.40  0.60 1.20 1.77
0.25 0.50 0.75 1.33 2.24

P
'

NANTNN 6 WU Wegunsweelng vy

o®

dawaltsnsinisinaloud udu 1 09901
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DO Level (mg/L)

12:00AM 3:00AM 6:00AM 9:00AM 12:00PM 3:00PM 6:00 PM

Time

avg.(DO2/D04)

9:00 PM  12:00 AM

JUN 12 msideunias DO sendeTunungueng




RMUTP Research Journal, Vol. 16, No. 2, July-December 2022 153

szuu wazlathlasuanuioudguiuiaziianig
Iauuudounduanaeunasiu Aewgnaiidai

T9i@1 DO WinTulAluY19Na19AU LANITANEAIIY

P

%’auﬁawqmaamaqmmﬁﬁummiu Solar Collector
wiriugumgdawndon Sedawalsian DO Tugag
MEIINLA BIA WS uanans oy q wagd DO 9y
diatudnasiludidifiuasan anmaieudiou
A1 DO fifuis Treatment wag Control Guans
\Ju DO1 wag DO3 mwuaRU WudnAeuyNYeIan
DO1 gand1 DO3 fliflesunstaaandl DO3 ieuih
fiu DO1 ABYILIATUTEIIN 12.00 W. - 15.00 .
(2:00 PM - 3:00 PM) fiumanaadnudng spanudy
LauANge seuUBsanuzaatensinadouinlé

§97 u aunliya Control b sy DO 31NYA

'
v a

Treatment AuilAnAududures DO agluseauil

ADAAABINU YBNINNUEINUIIAT DO Laeipd e

Control §afuavsiinssuuiiannsaiiudn DO
Tfudelada 1.45 windewsutudeialuiilyls
AndasyuuLBLeIN e

gﬂﬁ 12 Wunsuansdn DO A4 uansi
Aadulusoutu anguasiituiiuualiuis 2 90
(Treatment wag Control) fivhns¥a DO fidnwauy
Wiy wasiliunltumuientu DO AiRathdu
vude Mduut esmndnwagmeneninees
vofavhlikan DO e 4 geduualiululudieng
Weaty wazarnnisieuliisuan DO Aidiunus
Treatment wag Control Wwu11 DO2 4A111INATN
DO4 paonw 4Ty wazdandy 1.40 i du
WA SEUU SCWAS G anunsafiudn DO
T¥Fuiduasvesuold uazlugrsainaisiy
55UU SCWAS §sanansawiindn DO ledeniseae

T nAANITLNI s DO MMNRIUITUVUAIFN

Fwa Treatment JA1du 1.45 Winva sy FUAN
16 ,<—— DO1 (Treatment) K DO2 (Treatment) e > D02/DO1 -7
——> Avg. of DO2/DO1 Ref.
-6
8 -5
< \ i
o i / =
E ¥ i VAR 4§
0>J 4 :-' \_/‘“"Il “l"“‘ o
3 i T30
g : "-
2 ’ 0.76 V2
1 To
12:00AM 3:00AM 6:00AM 9:00 AM 12:00PM 3:00PM 6:00PM 9:00 PM 12:00 AM
Time

3U# 13 msdeundasan DO Tuseuiuisumus Treatment

d

sUN

U

TuseuTundwunua Treatment 49 2 sEau (DO1

13 1Junsmiuansn1siasunlas DO

waz D02) 91n3Uuandliiudna DOL gIn3Iea

DO2 LA aURaaALIaviIN1sNAand ag1lsnnny
1nN15USBULAEUAT DO M4 2 SYAUNUIN STUU

anansnifieandauiiiuansls lnegaindndiu



154 2135153V INUASIIY ums.wszuas UN 16 aUuil 2 nsngIA-54I1AL 2565

989 DO2 il aiisuiu DO1 (D02/DO1) & i A1
Winfu 0.76 wazmnanignlng 1 uuneauin
syuvannsaieandauliiuiiiduanslatesas
100 wazludnvanisnaneninusn sEau DO vea
thiugnadnlnddusesiu DO veshfiiavese uas
a113ana1iladn sEUU SCWAS ansnsausulseen

DO meluvaligedula

4.3 wan1sUsEliuNATEgAans
diensinauladonldauszuy SCWAS ¢
MM IUsEEuANUANAIUATYgAERTLaLiIINg
Wisuilsuiudomzidoeildduan (Pump) uay
Fafufivh (Paddle Wheel) $aus e Taslunis
Uszillulald 3 dudsusznaunisandula laun

NPV, PBP uaz IRR asuadilgiugsd

A15199 7 N5UTEETUYAAILUTLENTIENTVRY

¢ a & -
E}Uﬂimuﬂllﬁﬂﬂ?ﬂ‘vm 3 YUM

gunsaliiuainia
318013 Paddle
SCWAS  Pump
Wheel
Capital Ruauen
. 43,500 -10,000  -32,500
Cost gunsal
Afuguan 3,120 -3,120 -6,280
Flexibility —
AIDINNT
Cost 15,375 -15375  -15375
U
Al 0 2524 -22,810
Fix Cost  Agssnw 200 -200 -200
seldan

22,932 22,932 46,158
Income N3V

AN 181 42 135
Annual yaranSue
4,418 1,755 1,629
Cost ayInu

WielszliuanuduaTtunsamu lodu
asuA1gUnTal (Capital Cost) waryar1ansluus

AY5UVRINITNILLABS (Annual Cost) Tuss1e 7

LUAUIUM NPV Uag PBP §anadlliwaninagy

a

14

4 SCWAS xPump e Paddle Wheel
60,000 NPV = 47,623 —l

40,000 NPV = 26,188 N A

PBP =4.58 . d
20,000 PBP =2.92 l % ; ; x X X X X X
X X
x X ¥

. - o cee®
) 2 ar'4 ,eeme s Ao
20,000) sseec® PBP =10

LIS
(40,000) | 4

Cumulative Value
»®
*
*
*
*
*

(60,000)
Year

JUN 14 MsUssilunaAsugmansvasgunsaliiy

INANY 3 ¥l

a

SUN

U

14 Lﬂumiu,amﬁmﬁ"unu (PBP) wae

Y o
a A

Mlsgndidiedugalasenis (NPV) vais 3 gunsel
ngUuansliisiudn mnlunismisdeednnsld
Pump ugunsalifueInia azfunuifiganelu
1387 2.50 U 5898901A0TEUY SCWAS 9gAUNU
nelu 4.58 U uazgavinewdu Paddle Wheel 9zfu
nulud? 10 wazidefiarsanil NPV azwudn seuu
SCWAS fifnlsgviiloduanlassnisunndt Pump
wag Paddle Wheel LagaInAIIAIUIUNIENT
NanaULNULAA 85180 (RR) anud1 IRR 989
SCWAS, Pump ag Paddle Wheel L0 us ovay
21.17,41.17 uag 3.68 A1UEIA Y WaLIINAIT
AU IRR U19A W G audid SCWAS T g'msn
NaREUWNUAINT1N151E Pump w6l IRR U8352UY
SCWAS aanansaifisauld mnnunsnsasisszuy
Junlfiondleantunulunisudn uagli¥agiidlu
sq:wuuLﬁaﬁmﬂﬂszﬂaummmmgﬂmqﬁlé’am
i uenanmsiuduiiagdieiind IRR 16
uda Sadeliazernardunuitu eswinld
duniluntsnaniias uenaniueifiuiilade

duanlasenislasnn1anilenle wazgainenuin



RMUTP Research Journal, Vol. 16, No. 2, July-December 2022 155

nluveinigid sadsnlyaiuszuy SCWAS 9y
annsoansuulatederay 17.49 Weeuiuven

14 Paddle Wheel

5. agunansAnwiuasdalauauus

PNNsAENIsEUURNOINALUUT lva ey
WEIULEaIDTing (SCWAS) fildunausluunany
il amnsnagUlased

- AMSYUAUIUVULILIANUT DU INARD
§ns1nslnaveairlusyuu Tnsauiuaudeuisl
AETINNTuardnalisnsnsivaiouiiuty
oglsfAnuszoglunaiuauinidlinisenuin
auduluaulafiszeglimnuSouatamennunls

- nSwaveInsvenegUNsIlukIT A
Tsnsnisivaiouiiuduegiewnn Gﬁqmmmﬁaﬁqm
Fuuztdmsu r R L aasndu 1. 2: 3

- NAINNITNAFDUTEYIT A188NTLAUT

Y
a o

avargluwi Nt uaravesvaia1lnd A genuan

v v
Y

gondLauiifinviduuy wazainnisiUseuliisue
ponTLaufisumia Treatment fu Control v
2 sydu WuiiThduuLeenuiiuty 1.45 wh
wazthduanseendouiinty 1.40 wih

- 91nM15US LA UNIWATYFAI@NT NUTN
32UU SCWAS ansnsafuulanielu 4.58 U uasdl
NPV L7iNAU 47,623 UINAABAILELLIaIlASINTG
waziflowfisuiiu Paddle Wheel wuindsuasyush
nSevay 17.49

- 53UV SCWAS 7 ¥1n15& nw1il @150
vewldluded 3 wes YumueauinsEuil
g AuUefiiiudl 27 asiawns wiemnUeves
mwmmﬁmmmimgmi&iu’mﬂ 9 27 PIFINLATLE

sy uNsHeandulAtuue

6. NaRANIIUUTEN A
vevounLvINEdumaluladasuiiiuey
NUANAUUARN kazvouaMyUatUaAYUN1TYINITY
91n1ASINS MSHRILNSTZUURLDINALAzLAS oIl
pnsuandnludRdmsuannsnvnsuwes Tunsv

AMsIeAsal

7. 1BNA1581984
[11S. D. Culberson and R. H. Piedrahita,
“Aquaculture pond ecosystem model:

temperature  and  dissolved  oxygen

prediction-mechanism and application,”
Ecological modelling, vol. 89, no. 1-3, pp.
231-258, Aug. 1996.

[21 A. Kumar, S. Moulick and B. C. Mal,

intensive

“Selection of aerators for

aquacultural pond,” Aquacultural

engineering, vol. 56, pp. 71-78, Sep. 2013.

—
&

L. T. Phan, T. M. Bui, T.T.T. Nquyen, G. J.
Gooley and B. A. Ingram, “Current status of
farming catfish,

practices of  striped

Pangasianodon  hypophthalmus in  the
Mekong Delta, Vietnam,” Aquaculture, vol.
296, no. 3-a, pp. 227-236, Nov. 2009.

[4] J. Southard, (2006 ). Dissolved Oxygen and
Water  Column  Stratification.  [Online].
Available: http:// www.fondriest.com

[5] A. Ali, “Oxygen regime and productivity in
fish ponds,” M.S. thesis, Dept. Tech.
(Aquaculture), African Regional Aquaculture
Centre/Rivers State University of Science and

Technology, Port Harcourt, 1986.


http://www.fondriest.com/

156 2135153V INUASIIY ums.wszuas UN 16 aUuil 2 nsngIA-54I1AL 2565

[6] F. Struckmann, “Analysis of a flat-plate solar 2015 IEEE Global Humanitarian Technology
collector,” Heat and Mass Transport, Project

Conference (GHTC), Seattle, WA, USA, IEEE,
Report, 2008MVK160. (2008).

2015, pp. 306-313.
[7] A. Mahmoud, T. N. Quang and E Pavlov,

[8] T. Chenvidyakarn and A. Woods, “Multiple
“Development of a solar updraft aeration

steady states in stack ventilation,” Building
system for pond aquaculture in resource-

and Environment, vol. 40, pp. 399-410, 2005.
constrained environments,” in Proceeding of



RMUTP Research Journal, Vol. 16, No. 2, July-December 2022 157
http.//journal.rmutp.ac.th/

n1seenuuuULuudaSuLaniivingaudmsusasuaussnnung
< Aa 4 ] ad 3 a 3

vuadnfinnszaesziioudsinludedmud

Yyun vedlvg way Usenau ¥fnna*

ANLIAINTSUANANS UNINFUNALLLATSIVUIRANTLUAT

1381 aUUUEYITIYT 1 WVNNAGIN WAUNTD NTENNUMIUAT 10800

SUUNAI 6 gy 2565 UAlvunAIIN 19 WewNIAL 2565. ABUSUUNAIIL 20 WeWNIAL 2565

a 1
unanga
dofuurland wiusosudusmnunfvuwimdninnge lesunistaudulnliainiaqnuidulans

a ) a Ao S v oo v @ o i a s N o a & v a
L'UaSuLﬂuqaﬁlL%ﬂﬂigﬂaUWNaqﬁmﬁmuﬁqﬂfyLUuqaﬁlﬂq IWﬁLNaﬁLLagLWNNQ'}aﬂaQNLuﬁlﬂaaﬂ‘lsd@l,waiﬂl,ﬂm

v
=

Anukdeussazansadununsanvselageiu lngldnszuiunmsimnssudouses sanuuukaziaTIz
mesziloudsinludiedumudiielusunsy SolidWorks Simulation lWisuiuran AT EilaiuNITNAGRS
N30INKUULANTIATIEARIRTAUFILUITaNeR Usenaudie 1) Anuvuniivansauvesdesuulan

v
1Y Y v v v A a

SludIUNAnNUNTENL A BLaTEIUN LA RIFURAN UNURIe19n Uty 2) Sadiaelunazateuen Fesminelu

3 ﬁee

Uy TUTUIAVBINTENEAD LLaz%'ﬂﬁm&JuaﬂL‘fJué'hLLﬂﬁﬁri’mum'ﬂmmqwaﬁa%’uuﬂaw 3) A1599ALUU

2

v

sUnsaitetlesiudeuunaniuiienanelu uazgunsswenadesuuanluduiidesdudaiunsenzdo 3
nsznedolii3ouiiuiififes srndentsdudn 4) masenuuurngUnaninisderlfannsaimedeuuranid,
funsznzdeldegrsuvuniun 5) Yaniildlunisaiadosuurlan uay 6) amnuduauens deuuranldiunis
oonuuuaza It ulusUuuULenams LY 3 Tudiu tieanuazmnlunisuszneudiifunsenede Tasses
fsUuvuiiansadldfudnearvensenzdesasudussnunivuiadnianse fanuazainlunis
Uszneulinfunsenzde msuszneudeauuain livaunaey lidesuidleldfuusenszunn gunsainsdu
S fuunanlasunseanuuulmiliannsofontudiudesuunanti 3 Fudhdetu fumuusenszunn

NUIMINFITANIIEANUST 50 Alalunsnatilua

Addsy : dosuuran, mnsziielnludieduud; sosudussnunfvuadnfinngi

* giwusussae ns: +669 8279 5855, luswaldaannsailng: prakorb.cermutp.ac.th


http://journal.rmutp.ac.th/
mailto:xxxxxxx@rmutp.ac.th

158 21581539 INIUSL IV Wns.wszuas Ui 16 avuil 2 nsngIAN-5UI1AL 2565

http.//journal.rmutp.ac.th/

A Pattern Design for Run Flat Wheel Suitable for Small
Regular Armored Truck Using Finite Element Method
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Abstract

Run flat wheels for small armored regular trucks have been re-developed by transformation
from the original metallic material to compound materials, polymer group materials as important raw
materials, then added with aluminum oxide powder to achieve higher strength and wear resistance.
The research was performed by using reverse engineering processes including designing, and analysis
with finite element methodology with the SolidWorks Simulation program and comparing the
analyzed results with outcome experiments. Several variables used for the design and analysis were
1) the optimal width of the run flat wheel at the parts both attached to the wheel pan and contacted
with the inner rubber surface 2) internal and external radiuses. The internal radius is depending on
the size of the wheel pan and the external radius is a variable that determines the height of the Run
flat wheel. 3) the shape designed to prevent wearing of the inner tire surface of the run flat wheel
and the shape of the run flat reel in the part contacted with the wheel pan. This wheel pan part is
such uneven inclined area which is difficult to hold. 4) a design locking kit for tightly fastening the run
flat reels to the wheel pan 5) the material used to create the run flat wheel and 6) tire pressure. The
run-flat wheels were then designed and constructed in a modular form of 3 parts for ease of the
wheel pan assembly. In designing pattern, the assembling run flat reels had to be fit into the
characteristics of a small armored regular truck wheel pan, convenient to assemble with a wheel pan,
and tightly attached without looseness or deformation when impacted. The run flat reel gripping
device has been redesigned to lock all three run flat parts together. It brought up the impact

resistance from body weight was at 50 km/hr.

Keywords : Run Flat Wheel; Finite Element Analysis; Small Armored Regular Trucks
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Abstract

The bulletproof plates with materials that can convincingly be destroyed by the 7.62
mm bullet with its speed at 878 £ 9.1 m/s were developed by designing according to the
National Institute of Justice Level 4 (NIJ 4). The plates were made of two flat sheets
stacking, SKD11 and SUS304. Their components were composed of the front and back
plates; the first sheet made of SKD11 material hardening at 65 HRC with a thickness of
6 mm and the back plate made of SUS 304 material with a thickness of 5 mm. The finite
element method was applied to simulate and analyze the results to demonstrate the bullet
resistance to the perforation by setting perpendicular sheet to the bullets. Therefore, the
simulating studies for the bullet firing were demonstrated by locating its angles of 15, 30,
45 and 60 degrees to the SKD11 sheet with a thickness of 6, 8, and10 mm coupled with
the SUS304 sheet with a thickness of 5, 6, 8, and 10 mm. These plates were stacking into
two layers then the finite element method was applied to simulate one at a time. The
results showed that the first sheet of SKD11 with 6 mm of thickness could resist the
perforation of the bullet at 60 degree and the plate thickness of 8 and 10 mm could start
resisting to the perforation at 45 degree. The second sheet of SUS304 with the thickness
of 5, 6, 8, and 10 mm were incapable to resist to the perforation and the refraction of the
bullet direction as good as that of SKD1 1. Therefore, the principle applying two metal
sheets stacked into layers was essential to impel the resistance of the bullet perforation
and change the direction of the bullet.

Keywords : 7.62 mm Bullet, N1J 4, Bulletproof Plate, Finite Element Method
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1. Introduction

Development and design  of
bulletproof armor plates with materials
was performed to understand the armor
behavior in destroying of 7.62 mm bullets.
The finite element simulation was applied
to analyze the thickness parameters
affecting on the penetration resistance.
A.M. Igbal et al. [1] had simulated the
durability behaviors of 12 mm and 16 mm
thicken-steel plates affected by a 7.62 AP
bullet at different speeds and angles. From
the test, the brass sleeve was removed
from the outer bullet and only the internal
metal bullet left was chosen for studying
its banging behaviors to the metal armor
plate. The studied criteria were based on
the simulation consisting of the metal
thickness at 12 mm and 16 mm, the plate
size at 200 x 200 mm, the bullet with its
size of 6.06 mm, and total length of 28.4
mm at the speed of 818 m/s.

The selected element for the bullet
was hexahedral with the size of 1 mm?®.
Also, the other sizes were 0.8, 0.6, 0.2 and
0.1 mm?®. The tests were done at the plate
target of 12 mm thickness and the
remaining speeds for those sizes were
observably decreased by 669, 663, 658
and 657 m/s, respectively. The armor plate
was made of a tetrahedral mesh of size
0.2, 1,
procedures for the test took 5 hours for the
thickness of 12 mm and 9 hours for the
thickness of 16 mm. The tested plate
thickness was 12 m with a 45 degree for
collision angle causing the actual test
speed at 555.3 m/s. In addition, the
simulated speed with the program was at
515.82 m/s, displaying 7.6% difference

and 2 mm’. The calculated

from the actual speed. From the actual
experiment of the collision with a tilt
angle of 57 degree, the bullet speed was
reduced to 368.9 m/s and the thickness of
the armor plate was 16 mm. The simulated
results indicated that the bullet was
embedded in the armor plate whereas the
experiment results were different due to a
6% increase in bullet embedding if using
a bullet shooting at 51 degrees. The
simulation for bullet buried in the armor
plates was performed for the bullet
piercing through a 12 mm thick plate. The
perforation on the piercing back was
appeared to be smaller than the front
piecing, looked like an oval shape. T.
Borvik et al. [2] had examined the impact
of bullet shot on aluminum plates
AA6082-T4 at 20 mm thickness using
experimental and simulation methods.
Two bullet sizes applied for the tests were
7.62 x 51 mm and 7.62 x 63 mm. The
detected impact speed was also set at 830
m/s for all tests. During the tests, the
bullet velocity started and ended was
recorded. Their speeds were measured by
many types of laser-based optical devices
using a high-speed video camera. The
photographs of the armor penetration
process, particularly relevant to the
important parts, were made for the
observation the effects of tilted angles in
which influence the various penetration
results. The studies were observed for the
the inclination angles of less than 60
degrees and the change in penetration
behaviors accounted to be the perforation,
implantation, or reflection.

T. Binar et al., [3] simulated with the
LS-Dyna program demonstrated whether
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the armored materials were damaged
increasing or not it was depending on the
change in temperature. As the temperature
rises, the deep penetration of the bullet
increases. If the temperature drops, the
deep penetration decreases. In summary
presents that Element mesh is very
important, mesh sizes varied for different
mesh damage were displayed as expected
in that the stress value could cause an
increase in DOP value correctly when
mesh sizes were created at very fine (0.5
x0.5 x0.5 mm), fine(1 x1 x1 mm),
rough (1.5 x 1.5 x 1.5 mm), and very
rough (2 x 2 x 2 mm) particles.

2. Research Methodology
2.1 Material modeling

According to SKDI11 plate model
used for analysis of bulletproof armor, the
material was chosen to indicate the bullet
head destroyed and the impact to the
armor plate 1. The bullet was broken into
pieces and penetrating to the armor plate
2. For the armor plate 1, the analyzed
SKD11 material with the hardness
standard specification of 60-62 HRC
(Rockwell scale C), the thickness of 3
types — 6, 8, and 10 mm, the size of 30 x
30 cm, and the tilt angle of 60 degree, was
performed according to Johnson-Cook
Model (JC) of failure. These possessed
criteria were described by an equation
below. [4]

o =[A+B(g,)"][1 + C In (S'/E.O)][1 -
{(T = To)/(Trm — To)}™] (D

Where A is initial yield stress, B is
hardening constant, &, is equivalent
plastic strain, n is hardening exponent,

€ / g is reference strain-rate and &€ is the
0

plastic strain rate. In addition, C is the
strain rate constant, m is temperature
softening exponent, (T — Ty) /(T — Tp)
is a temperature absolute, whereas T, T,
and T, is temperature set at room
temperature and melting temperature [4]
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Fig. 1 Bullet structure (a) assembly of
bullet [2] (b) dimension of bullet [5].

Table 1. Properties and parameter JC of
SKDI11 (60-62 HRC) [6]-[8]

Properties SKDI11
Density (p, kg/m3) 8400
Modulus of elasticity (E, 208
GPa)
Poisson ratio (v) 0.3
Bulk modulus (GPa) 173
Shear modulus (GPa) 80
Thermal conductivity 20.5 (350°C)
(W/m.k)
Thermal expansion 11
(m/m.k)
Specific heat (J/kg.°C) 461

Johnson-cook strength
Initial yield stress (A, MPa) 1766

Hardening constant (B, 904

MPa)

Hardening exponent (n) 0.39

Strain rate constant (C) 0.012
Thermal softening 3.38

exponent

Melting temperature (K) 1733
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The simulated bullet had a size of
7.62 mm, shown in Fig. 1. The shell of
bullet was removed, and only the core
made from Tungsten carbide (WC)
remained was analyzed for the effects of
impact and the breaking behaviors on the
armor, of which mechanical properties
and parameters were described by
simulations according to Johnson-
Holmquist failure model (JH-2), shown in
Table 2.

Table 2. Properties and parameter JH of
tungsten carbide [7], [9]

Properties T;r;%isézn
Density (p, g/cm3) 14.56
Young’s modulus (E, GPa) 539
Poisson ratio (v) 0.23
Bulk modulus (GPa) 332
Shear modulus (GPa) 219
Tensile yield strength (GPa) 3.85
Compressive yield strength (GPa) 4.53

Johnson-Holmquist Strength
(Continuous JH-2)

Damage type Gradual (JH2)
Hugoniot elastic limit (HEL, GPa) 656
Intact strength constant (A) 0.9899
Intact strength exponent (n) 0.0322
Strain rate constant (C) 0
Fracture strength constant (B) 0.67
Fracture strength exponent (m) 0.0322
Maximum fracture strength ratio 1000
Damage constant (D1) 1
Damage constant (D2) 0
Hydrodynamic tensile limit (GPa) -4

The equation of failure is

demonstrated as follows.

Y =[A(p*+ TH™(1-D) +
B(p™)™D][1 + C In (£p)] (2)

* * T
pr=—t— T = 3)

When Y is yield stress, pyg. is the
pressure at Hugoniot Elastic Limit (HEL),
T is Maximum hydrodynamic tensile
strength, and A, B, C, n, m are parameters
of materials. HEL could yield the limit at
uniaxial strain when materials receive
loads in one direction, therefore, there will
be 2 equations for separating the yield
stress, when D =1 or D <1 in Johnson-
Holmquist, the Yield stress is continual
failure function of D. Therefore, the types
of materials of these properties are called
“active” failure simulation. For special
cases, when D = 0, there is no any
damages, and when D = 1, there are
damages according to the equation below.

[6]-[9]

Y=A(" + T*)"[1+ Cln ()]
(Intact, D=0) “4)

Y=B(@")™[1+ CIn ()]
(fragmented, D=1) (5)

For plate 2, SUS304 material was
used to absorb the force of scattering
broken pieces of bullet and showed the
impact on the plate 1 penetrated out
thoroughly. The size of plate was 30 x 30
cm, and its thickness from 5 mm was used
for testing the normal SUS304 material
with the thickness of 1 mm to 5 mm. After
that, its thickness was changed to 6, §, 10
mm etc. The thickness used in the
simulation was 5, 6, 8, and 10 mm and the
failure theory of Steinberg-Guinan
Strength model was employed for
situation of high strain ratio and extended
to low strain ratio [10]. The equation is
accomplished as follows.

G=Gofl+ (g—:)# + (g—:) (T —300)} (6)

or
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Y = Yo{1 + (:_Z),;;/ﬁ (g—;)

(T —300)}(1+Be)™ (7)
at Yo = [1+fe]" < Vo

Table 3. Properties and parameter of
SUS304 [7]

Properties SUS304
Density (p, kg/m3) 7900
Specific heat (J/kg. °C) 423

Shock EOS linear
Gruneisen coefficient 1.93
Parameter (C1, m/s) 4570
Parameter (S1) 1.49
Parameter quadratic (S2) 0
Steinberg Guinan strength

Initial yield stress (Y, MPa) 340
Max. yield stress (Ymax, GPa) 2.5
Shear modulus (GPa) 80
Hardening constant (B) 43
Hardening exponent (n) 0.35
Derivative (dG/dP, G’P) 1.74
Derivative (dG /dT, G’T, MPa/°C) -35
Derivative (dY /dP, Y’P) 0.007684
Melting temperature (Tmelt, °C) 2106.9
Shear modulus (GPa) 77

Where ¢ is effective plastic strain, T is
temperature (K), n is compression, and
parameters of subscript p and t are
derivatives for pressure and temperature
that refer to those conditions (T = 300 K,
p =0, € = 0). The subscription zero refers
to the value of G and Y at those
conditions. If the temperature of material
is higher than the specific melting point,
shear modulus and strength will be set to

zero[7],[8]. The properties and parameters
of SUS304 are provided in the finite
element simulation software, shown in the
Table 3.

Fig. 2 Tilt angles in simulations: (a) 15
(b) 30 (c) 45 and (d) 60 degrees.
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2.2 Numerical method

The finite element simulation using
Ansys/Explicit dynamics software was
used to simulate the conditions of shooting
according to NIJ standard level 4, of which
speed of bullet is 878 +9.1 m/s compared to
NIJ standard level 3, of which speed of
bullet is 847+£9.1 m/s [7], [8], at setting
speed of 880 m/s and bullet size of 7.62
mm. The bullets made from WC were
selected for 2 types of simulations. In the
simulation 1, the materials for the armor
plate 1 is SKD and that of the armor plate
2 is SUS304, of which tilt angles in
simulation are set at 15, 30, 45 and 60
degrees, shown in Fig. 2. For the pattern
of mesh, it was hexahedral at both the
armor plate and bullet, of which a size of
mesh at bullet was 0.5 mm and at the
armor plate was 4 mm.

3. Results and Discussion
3.1 Simulation of N1J standard level 4
In simulation 1 wusing SKDII1
material at thickness of 6 mm with titled
angles of 15, 30, 45, and 60 degrees, it was
found that the tilted armor plates at angles
of 15, 30, and 45 degrees were unable to
endure the penetration of 7.62 mm bullet
but would be able to break the bullet.
Additionally, for a tilt angle at 60 degree,
the armor plate was able to endure the
penetration of bullet. It caused the impact
angle to the armor and compelled the
bullet break and change directions. The
broken pieces of bullet metals moved
towards the tilt angle of the armor could
be demonstrated in Fig. 3. From Fig. 4,
the graph displayed the tilt angle of 45
degree at the time step 18-20 ms. It was

. 100.00 ()

(b)

10000 {rm)

100,00 {rnre)

100.00 (rire)
]

T
25.00 75.00

Fig. 3 Damages of armor plate with 6
mm thickness at step 22 ms (a) 15 (b) 30
(c) 45 and (d) 60 degrees.
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found that its strain was predominantly at
the highest-level contrasting from others
tilted angles of 15, 30, 45, and 60 degrees.
At these following angles, the observed
armor plates had started to endure the
penetration of bullet due to less
deformation and increased in impact
angles as shown in Fig. 5. Also, there were
rebounding bullet happened at the front of
the armor plate with the tilt angle of 60
degree and at the same time, the armor
plate attained the strain accumulated
increasingly and was appeared to endure
the penetration. The situation thus caused

(©)

a change in the direction of small pieces of
metal bullets.

s o
8 8

g

f

Von mises stress (GPa)

o
8

10 12 14 16 18 20 22 24

Time step (ms)

——15Degree  ——30 Degree  —— 45 Degree 60 Degree

Fig. 4 A graph representing the stress of
the SKD11 armor with 6 mm thickness.

(b)

(d)

Fig. 5 Impact of bullet at the angles of 15, 30, 45, and 60 degrees at time steps of 22 ms
(a) 15 (b) 30 (c) 45 and (d) 60 degrees.
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For the
thickness of 8 mm and tiled at the angles

experiment using the

of 15, 30 degrees, the plates were in
tolerant to all penetration of the bullets. At
the tilt angles of 45 and 60 degrees, the
armor plates could evenly endure the
penetration and change the directions of
bullet heads. From the graph in Fig. 6 (a),
the results exhibited the different strains
for the tilt angles of 15 and 30 degrees.
The less stress was taken place when the
bullet had changed its direction, affecting
the impact on to the armor plate and
bringing up less deformation with higher
impact angles of bullet head. For the strain
at 15 and 30 degrees, the bullet could
penetrate the armor plate thoroughly out.
The strain was gained steadily because the
armor plate was penetrated without any
deformation in long term investigation.
Fig. 6 (b) indicated that the armor plate
with 10 mm thickness could resist the
penetration of 7.62 mm bullet. It caused
the bullet broken into small pieces of
metals. From this graph, the performances
applied the tilt angles of 15, 30, and 45
degrees showed that the bullet had
impacted to the armor plate by increasing
impact angle and thus causing the strain
decreased according to increases in the tilt
angles.

However, at the tilt angle of 60
degree, the bullet had impacted, the strain
was decreased slower than those tilted at
the angles of 15, 30, and 45 degrees. This
was because of the change in the direction
of small pieces of the bullets and having
less deformation, shown in Fig. 7.

Von mises stress (GPa)

Time step (ms)

15 Degree 30 Degree 45 Degree 60 Degree

(a) The armor plate with 8 mm thickness.

L I N

Von mises stress (GPa)

o

16 18 20 22 24

Time step {ms)
15 Degree 30 Degree 45 Degree 60 Degree

(b) The armor plate with 10 mm thickness.

Fig. 6 Graph representing the strain of
the SKD11 armor plate.

100.00 (rirn)

100,00 (rrrn)
]

25.00 75.00

Fig. 7 Change in directions of bullets
(a) 45 and (b) 60 degrees.



RMUTP Research Journal, Vol. 16, No. 2, July-December 2022 179

'on mises stress (GPa
"
3]

2.00 \
\.,_,_.—"_“‘\
1.00 LN
0.00
i 12 14 16 13 20 22 4
Time step (ms)
e 15 DEETEE 30 Degres 45 Degree 60 Degree
(a)
.00

3 —
§ aoo N\
- \
I Y
A \
@ 200 A
o 200 \«.\_f‘\
E N
‘5 100 e =

0.00

o 12 14 15 18 20 22 4

Time step (ms)

15 Degree 30 Degree 45 Degree 60 Degree

(b)

Von mises stress (GPa)
=
-

Time step (ms)

— 15 Degree 30 Degree 45 Degree 60 Degree

(©)

5.00

A 4.00

on mises stress (GPa
5 B

i 12 14 15 13 20 2z 4

Time step (ms)

—15 Degree 30 Degree 45 Degrae 60 Degree

(d)

Fig. 8 Graph representing the strain in
SUS304 armor plate with (a) 5, (b) 6, (¢)
8, and (d) 10 mm thickness.

For SUS304 armor possessing the
tilt angles of 15, 30, 45, and 60 degrees
together with either 5, 6, 8, and 10 mm
thickness, all observed simulations
demonstrated that the plates could endure
the penetration of 7.62 mm bullet. From

Fig. 8, at 6, 8, and 10 mm thickness and
having impact of the bullets, the similar
results were dominantly expressed since
the observed strain seemed indifferent
from other armor types.

Fig. 9 Penetration of the bullet into the
armor plate at a tilt angle of 15 degree
and thickness of (a) 6 mm (b) 8 mm and
(c) 10 mm.

At the angles of 15,30, 45, and 60
degrees, after hitting to the armor, the
bullets were broken in to large pieces and
penetrating through the armor. Its particle
sizes were smaller even if increasing in the
armor thickness, illustrated in Fig.9.
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More prominent deformation was
created on the penetrated traces and holes
in SUS304 armor plate than SKD11 armor
plate because the SUS304 is softened in
property. It can then assist in holding the
bullet and resulting more damages on the
armor, shown in Fig.10. However, the
bullets would be broken severely if the
plate thickness was increasing. The
increase in thickness of the armor
intensified more bullet breaking into large
numbers of pieces due to softening
property of the armor. However, if less
thickness of the armor was chosen, more
built up softening property of the armor
was. These significances leaded to
opposite results in that the bullet would be
broken into larger pieces.

-

0000 T 10000 - Y 20808 (nm);
= — B
25,000 . s ® o 5000 e, T e

(b)

Fig. 11 Simulation of the bullet after
penetration to the armor tilted at the

Fig. 10 Impact tracing of the bullet on angles of 15, 30, and 45 degrees, (a)
the armor with 8 mm thickness at time damages of the bullet described by F. M.
step 20 ms and at tilt angle of (a) 15 John et al. [9] and (b) damages of bullet

(b) 30 (c) 45 and (d) 60 degrees. produced by our study.
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At the thickness of 5 mm of the
armor with tilt angles of 15, 30, and 45
degrees, the bullet caused impact directly
to the armor plate. The bullet would be
damaged, and broken into large pieces of
metals before penetrating into the armor.
Its shape was still be the bullet like
particle but the penetrated direction of the
metal pieces was changed slightly.
Therefore, when compared to model of F.
M. John et al. [9], their results of bullet
appearance after penetrating through the
armor plate were similar to our findings
shown in Fig. 11.

@ N
™

o000 . - 10000
YL 5,000 . 15000

Fig.12 Simulation of the bullet after
penetration to the armor tilted at the
angles of 15,30, and 45 degrees, (a)
damages of the bullet described by F. M.
John [9] and (b) damages of bullet
produced by this study.

©20.008 {riem)
- 1 .

At the angle of 60 degree, after
penetration through the armor plate, the
bullets were changed in their direction
clearly. They were further broken into a
group of large pieces of metals, explained

in Fig. 12 The bullet appearances were
similar to those at the tilt angle of 18
degree determined by F.M. John et al. [9]

Two plates stacked together into two
layers were designed, of which the front
plate was SKD11 whereas the back plate
was SUS304. Thickness of the first plate,
t1, was of 6, 8, and 10 mm. Thickness of
the back plate, t2, was 5, 6, 8, and 10 mm.
For simulation test tilt angles at 15, 30, 45,
and 60 degrees, the results from
simulation process were determined for
the thickness of the condition with t1 = 6
mm and t2 =5 mm and with t; = 6 mm and
t2 = 6 mm, at tilt angles of 15 and 30
degrees. The armor plates were unable to
endure the penetration of bullets. The
broken bullet into pieces of metal were
clearly observed. Then these pieces were
penetrated into the armor. The tilt angle of
45 and 60 degrees oppositely caused the
bullet penetrate through the armor and
change in the direction of small pieces of
bullet metals broken before moving along
the tilt angle of metal. The results were
illustrated in Fig. 13.

100.00 (rrn)
1

Fig. 13 Appearances of a group of
broken small pieces of metals when
impacted to armor plate with various

thickness at 45 degree.
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T

Von mises stress (GPa)

15 Degres 30 Degree 45 Dagrae 60 Degraa

(a) SKDI11, t; = 6 mm and SUS304, t; =5 mm.

MW B

Von mises stress (GPa)

15 Degree 30 Degres 45 Degrae 60 Dagraa

(b) SKDI11, t; = 6 mm and SUS304, t, = 6 mm.

MW B L

Von mises stress (GPa)

Time step (ms)
15 Diegres 30 Degres 45 Degrae 60 Dagree

(c) SKDI11, t; = 8 mm and SUS304, t; = 8 mm.

Fig. 14 A graph of the strain vs time step
of 2 layered armor.

For the thickness of t1 = 8 mm and t2
= 8 mm at tilted angles of 15, 30, 45 and
60 degrees, the armor plates
impenetrable to 7.62 mm bullet and there
was changes in directions of a group of
small pieces of metals after impact on the
armor plate. In Fig. 14 (c¢), the strain had
risen from the impact of bullet, thus
decreasing and remaining constant. The
step of decreased strains was occurred
according to increases in tilt angles or
impact angles of the armor plates. In
addition, the results shown in Fig.14 (a)

WEre

and (b) specified that the strain at angels
of 15 and 30 degrees decreased faster than
those of 45 and 60 degrees because the
armor plate was not be penetrable then the
strain was accumulated more at the inside
plate, then be unchanging after the armor
plate was penetrated. For the angles of 45
and 60 degrees, the plates were able to
endure the penetration, thus, the strain
decreased slower than that of 15 and 30
degrees because of more accumulated
strain at the armor plate. The thickness of
t1 =10 mm and t2 = 10 mm, also absolutely
influenced the penetrating resistance
especially, at its thickness of t1 = 8§ mm
and t2 = 8§ mm, the armor presented well
endurability in penetration of the bullet.
The armors plates composed of 2 layers of
8 mm plate could even better endure the
penetration at tilt angles of 15, 30, 45 and
60 degrees when impacts happened.
Additionally, in simulation of impact from
tilt angles, the bullets were enforced to
change in direction after penetration
through the armor that were dependent on
particular tilt angles and thickness. These
parameters affected the decrease in the
speed of bullet after impact [11].

3.2 Comparison with N1J standard
level 3

For the simulation according to NIJ
standard level 3, the speed was simulated
set at 847 m/s for either armor using of 1
layered plate or 2 layered plates, of which
all parameters including tilt angles,
materials and thickness of the armor were
the same as previously used in the
standard level 4. In this case, the armor
plate was SKD11 with thickness of 6 mm,
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and tilt angles was at 15 and 30 degrees.
The results demonstrated that the armor
plates were penetrated. In the other case,
at tilt angles of 45 and 60 degrees, the
armor plates could not be able to resist the
penetration and caused the bullet change
its direction when impact on the armor
plate. In the test using thickness of 8 mm
and tilt angle of 15 degree, the armor plate
showed opposite behavior in that it did not
tolerate to the penetration whereas this
plate tilted at the angles of 30, 45 and 60
degrees could withstand the penetration.
These results were different from those
determined in the NIJ standard level 4
applying the conditions of the thickness of
6 mm and the angle of 45 degree (Fig.15)
as well as thickness of 8 mm and tilt angle
of 30 degree and (Fig. 16).

100.00 (mm)

100,00 (i)
]

I
25,00 73.00

Fig. 15 The simulations for the time step
20 ms (a) according to NIJ standard level
3, using tilt angle of 45 degree and (b)
according to NIJ standard level 4, using
tilt angle of 45 degree.

0.00 100.00 (mm})

(b)

Fig. 16 The simulations for time step 20
ms (a) according to NI1J standard level 3,
using tilt angle of 30 degree (b)
according to NI1J standard level 4, using
tilt angle of 30 degree.

For armor plate of SUS304 having
the thickness of 5, 6, 8, and 10 mm and tilt
angles of 15, 30, 45, and 60 degrees,
compared with that determined by NIJ
standard level 4, all armor plates could
prevent the penetration (Fig. 17).
Therefore, there were no significant
differences in their simulation results.

Using two layered armor plates, the
front plate made of SKD11 and the back
plate made of SUS304, of which thickness
were performed at t1 = 6 mm, t2 = 5 mm
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Fig. 17 Armor plate with 8 mm thickness
and a tilt angle of 45 degree at time step
20 ms.

100.00 {m)

75.00

Fig.18 Armor plate with ti=6 mm, t2=6
mm, a tilt angle of 30 degree, time step
20 ms.

and t1 = 6 mm, t2 = 6 mm and tilt angles of
15 and 30 degrees (Fig. 18), the results
showed that the armor plates were
penetrated. In the contrast, the tilt angles
of 45 and 60 degrees induced the armor
plates to resist to the penetration of the
bullet when setting at ti = 8 mm, t2= 8 mm
and tilt angles at 15, 30, 45 and 60 degrees.
These data were expressively
correspondent to the results established by
NIJ standard level 4.

Therefore, the armor plate at a
thickness of 12 mm was compared to that
of M.A. Igbal et al. [1] The penetration
characteristics at the back of the armor
plate had a smaller hole than that in the
front plate, a fire element simulation that
is close to the actual experiment as shown
in Fig. 19, so the studied simulation can
be used to analyze the destructive
situation occurring on the armor plates
before developing a real armor plate.

Fig. 19 The resulted WC and SUS 304
armor plate 2 with thickness of 12 mm
after penetration (Above) compared with
simulated plates of mild steel with
thickness of 12 mm determined by M.A.
Igbal et al. (Below) [1].
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4. Conclusion

The simulation of armor plates
composed of two types of materials:
SKD11 at thickness 6, 8 and 10 mm and
SUS304 at thickness 5, 6, 8 and 10 mm
together with the use of various collision
angles in the simulation at 15, 30, 45 and
60 degrees were evaluated by applying
with finite element method. The
simulation at 15 and 30 degrees for the
collision angle on the armor plate made of
the SKDI11 material could be clearly
detected. At thickness of 6 and 8 mm, the
armor could not resist to the penetration
but causing the bullet broken into small
metal pieces. The armor made of SUS304
material at thickness of 5, 6, 8 and 10 mm
could not resist to the penetration. The
bullet was broken into large metal pieces,
thus penetrating the plate. Their smaller
perforating sizes were observed when the
thickness of the armor plate increased.
However, a thin armor plate used could
change the direction of broken large bullet
pieces more than a very thick armor plate.
The simulations at the 45 and 60 degrees
of the collision angles indicated that one
type of armor plates made of SKDI11
material with 8 mm thickness could resist
the penetration and refract the bullets. In
addition, the bullet broken into small
metal piece would be slipping out along
the tilt angle. The other armor plate type
using SUS304 material could not resist
penetration thus be damaged in the
piercing area greater than those tilted at
the angle of 15 and 30 degrees. Since the
SUS304 plate showed more softening
effect than SKDI11 plate, thus allowing
more bullet holding and increasing the

damage on the armor plate. The armor
plates made of SKDI11 material at the
thickness of 10 mm could resist
penetration through every degree. From
the simulation of two layered stacking
having tilt angle of 15 and 30 degrees and
the thickness of t;= 6 mm, t2 = 5 mm and
ti= 6 mm and t= 6 mm, the plates could
not resist the penetration of the bullet. The
results of the impact angle modification in
this study are consistent with those of P.
K. Gupta et al. [12] and M. A. Igbal et al.
[13]. However, the plates titled at 45 and
60 degrees could withstand the
penetration of the bullet. The armor plate
having a thickness of t1 = 8 mm and t2= 8
mm was all able to withstand the
penetration of the 7.62 mm bullet in all
angles. Therefore, the two layered plates
with thickness more than ti = 8 mm and
t>= 8 mm would be able to resist the
penetration of the 7.62 mm bullet at
878+9.1 mm in accordance with the
standard measurement of N1J 4.
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Abstract

This research aims to study the ant repellent effects of the crude ethanolic extracts from 7
herbs; Piper nigrum Linn., Alpinia galanga (L.) Willd, Ocimum basilicum L., Cymbopogon citratus Stapf,
Citrus aurantiifolia (Christm.) Swingle, Citrus hystrix DC, and Stemona collinsae Craib. Whatman filter
paper was dipped with each concentration of the crude ethanolic extracts (0.625 1.25 2.5 and 5 %
w/v) and placing the bait on a treated filter paper. The experiments were conducted in the natural.
The numbers of weaver ants were recorded at 0 - 30 minutes. From the results, the crude ethanolic
extracts at 5% w/v of A galanga was the most effective for repellent the ant, (repellent rate; %R =
94.72 + 2.39) followed with C. citratus (%R = 89.45 + 3.85), S. collinsae (%R = 82.92 + 4.47), and P.
nigrum (%R = 81.20 + 5.92). The repellent rates of those crude ethanolic extracts were significantly
difference from distilled water which use for the negative control (P < 0.05). The crude ethanolic
extract of A. galanga at concentration 5% w/v was prepared as spray, cream, chalk and powder. At 30
minutes of the observation, the ethanolic extracts of A. galanga spray was the best ant repellent
effect (%R = 100). The result from questionnaires reveals that a spray preparation was the more

satisfaction for the using ant repellent products.

Keywords : Crude Extracts; Herbs; Ant Repellent
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