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The Development of Wine Using Mint Leaves Toward
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Abstract

The objective of this study was to develop formulations and flavors of wine fermented with mint
leaves to meet consumer preferences. The experiment was divided into two phases. In the first
phase, suitable fermentation conditions for wine production were investigated. The experimental
design was created using a Central Composite Design (CCD) from the Response Surface
Methodology (RSM) software. Two independent variables were studied: sugar content (°Brix)
and fresh mint leaves weight (g/600 ml). Two levels, low (-1) and high (+1), were defined for
each factor using a two-level factorial design. A total of 14 experimental sets were conducted,
and various parameters were measured every 3 days for 15 days. Sample 4, which used 75 g
of fresh mint leaves and started with a sugar content of 22 °Brix, exhibited the highest alcohol
content at 9.15 % and 10 °Brix. Sample 4 was therefore deemed suitable for further investigation
in phase 2, which focused on studying the sensory acceptance of consumers towards wine
fermented for 0 - 2 weeks and had its sugar content adjusted to 10, 12, 14, and 16 °Brix after
2 weeks of fermentation. The samples that underwent a 2-week fermentation period and
had their sugar content adjusted to 12 °Brix showed the highest overall preference scores.

Keywords: Wine; Mint Leaves; Aged Wine

I Faculty of Interdisciplinary Studies, Khon Kaen University, Nong Khai Campus
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Introduction

At present, the alcoholic beverage industry in Thailand is experiencing a slow growth.
Alcoholic beverages with the highest consumption and market value are beer, accounting for
72.2 % of the total alcoholic beverage consumption, followed by spirits (25.9 %), and wine
(1.0 %). It has been observed that although the wine consumption rate in Thailand is still
relatively low, there is a continuous upward trend [1]. This has led to a significant number of
wine products entering the market. While most foreign wines are produced from grapes,
Thailand produces various types of wine mainly from different types of fruits. Only a small
proportion of wines are made from herbs [2]. Surojanametakul, V. and Karuwanna, P. [3]
produced herbal wine from herbal plants including mint, ginger, lemongrass, bael fruit and
kaffir lime. Thailand imports a significant quantity of wine. Wine production, therefore, offers
an alternative for processing and adding value to local products. The overall quality of herbal
wine is determined by its clarity, color, aroma, and accepted taste. When physically examined
using testing methods, each characteristic must score an average of at least 60 % from all testers,
with no individual characteristic scoring less than 30 % of the maximum points. Adulteration
with non-original ingredients and visible bubbles due to repeated fermentation are not allowed.

The Community Product Standard for Herbal Wine (MoPCh.31/2546) [4] defines
herbal wine as a type of distilled alcoholic beverage that is produced by processing herbal
ingredients. Herbal wine should have an alcohol content not exceeding 15 degrees per
100 milliliters by volume.

Mint, scientifically known as Mentha cordifolia Opiz, is a local herb commonly found
in Thailand. It belongs to the Lamiales order of the Lamiaceae family. It is a low-growing
plant with soft, short hairs covering all parts of the stem. The stem is square-shaped, with
green-purple-brown coloration. The leaves are wide, oval-shaped, and have an opposite
arrangement on the stem. They are smooth on the surface, have short stalks, rounded tips, and
serrated edges and measure 1.5 - 2.5 cm in width and 2 - 3 cm in length. The flowers are
arranged in clusters that arise from leaf axils. One of its distinctive features is its refreshing
and cool aroma, attributed to the presence of menthol oil [5]. It has a taste similar to lemongrass,
lime, and alcohol [6]. As a result, mint is used as an ingredient in various food products, such
as ice cream and herbal hot and cold teas. It is also mixed with other herbs in dishes, fresh
fruits, desserts, and wine [7]. Picard, M., Franc, C., Revel, G., and Marchand, S. [8] stated that
mint contains important compounds, such as monoterpenes, which can influence the aroma of
wine. The addition of mint to wine ingredients results in a minty aroma that enhances consumer
preference. Martin-Garcia, A., Abarca-Rivas, C. Riu-Aumatell, M., and Lopez-Tamames, E. [9]
emphasized that aroma is a crucial qualitative parameter for wine. They identified more than
60 compounds from various chemical classes, including esters, alcohols, terpenes, furans,
norisoprenoids, and fatty acids. Volatile evaluations over time revealed a significant
relationship between furans and aging.

Herbal wine fermentation present various challenges, such as off-tastes, undesirable
colors or odors, low alcohol content, and sweetness [7]. Therefore, the objective of this study

ISSN 3027-6756 (Online)
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was to find the appropriate conditions for fermenting wine from mint leaves and stems to
achieve the standard alcohol content of 7 - 15 degrees, which is the standard for industrial wine
products [2]. Additionally, the study aims to enhance the value of mint and add uniqueness to
Thai beverages.

Materials and Methods

1. Studying the Suitable Conditions for Wine Fermentation

The Central Composite Design (CCD) experimental design from the Response
Surface Methodology (RSM) was employed to study two independent variables: sugar content
(°Brix) and the weight of fresh mint per 600 ml. Each parameter was defined at two levels
(two-level factorial design): the lowest (high; -1) and the highest (low; +1) values, as shown
in Table 1. The minimum sweetness level was set at 16 and the maximum at 22 °Brix, based
on sweetness levels reported in wine fermentation [10]. This range was chosen to avoid
excessive yeast growth and to consider cost-effectiveness.

The minimum weight of fresh mint was set at 25 g and the maximum at 75 g.
These values were based on a 1:12 ratio (g/ml) of mint from a report published by
Karuwanna, P. [7]. The total number of experimental sets to be conducted was calculated using
Equation (1), resulting in a total of 14 experimental sets. The detailed experimental design is
presented in Table 2.

Number of Experimental Sets (N) =2"n+ (2xn)+6 .........cceviinnnnnn. (1)

Where
N = the number of experimental sets

=3
I

the number of independent variables

Table 1 The independent variables in the CCD for finding the suitable conditions for wine

fermentation
Factor Name Coded Low (a-1) Central (0) Coded High (a+1)
A Sugar content (°Brix) 16 19 22
B Mint content (wW/v) 25 50 75

The fresh mint leaves were sorted and cleaned before being weighed according to
the experimental sets and blended with 400 ml of clean water. The sugar content was measured
using a hand refractometer, and adjusted to the desired level for each experimental set by
adding sugar, following the Pierce-Square method [11]. The pH was then adjusted to 3.4 - 3.5
using 0.1 NaOH and 0.1 M citric acid. Subsequently, (NH,),HPO, was added to achieve a
concentration of 0.003 %, and the volume was adjusted with distilled water to reach 600 ml.
The mixture was pasteurized at 100 °C for 5 min and poured into a fermentation tank.
Dry yeast, Saccharomyces cerevisiae K1V-116 (1016-02), were prepared in a ratio of 0.3 g

3
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per 1 liter of sample and added to the fermentation tank. The fermentation tank was sealed
with an airlock and incubated at room temperature (25 - 30 °C) for 15 days. The parameters
were then recorded throughout the fermentation process by collecting 5 ml samples on days
0, 3, 6,9, 12, and 15. The sugar content, alcohol, acidity, and pH levels were analyzed to
determine the optimal fermentation conditions for the next steps.

Table 2  The parameters designed using the CCD method within the RSM program

Mint content (g/600 ml) Sugar content (°Brix)
Treatment
or 4.16 - 12.5 % (w/v)
1 25 16
2 75 16
3 25 22
4 75 22
5 31 19
6 69 19
7 50 16.73
8 50 21.27
9 50 19
10 50 19
11 50 19
12 50 19
13 50 19
14 50 19

2. Study of Wine Maturation at Different Times
The optimal conditions determined from the previous experiments were used. A clear
solution was separated from the mixture, filtered through a fine white cloth. Wine sedimentation
was settled by adding an 8 % bentonite solution at a rate of 6 ml per liter. The solution was
then stored at temperatures ranging from 4 to 15 °C for 2 days. Afterward, the clear solution
was separated and clarified using aseptic techniques, and then fine-filtered using a WHATMAN
membrane filter Nylon 0.2 um, 47 mm in diameter. The clarified wine was then bottled, sealed,
labeled, and matured at 15 °C for 0, 1, and 2 weeks. The wine samples from each week of
maturation were tested for sensory acceptance by 30 consumers. Additionally, sugar content,
alcohol, pH, and acidity levels were analyzed in 3 replicates of each sample at 0, 1, and 2 weeks.
3. Parameter Analysis
The alcohol content (%) of the wine was estimated using chemical equations,
and the results were expressed as a percentage (V/V). A graph illustrating the relationship
between time and alcohol content was created.
Sugar content (°Brix) of the wine was analyzed using a hand refractometer, and
the results were recorded. A graph illustrating the relationship between time and sugar content

was created.
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pH values were measured using a pH meter (Mettle brand, Five Easy model, United
States), and the results were recorded. A graph illustrating the relationship between time and
pH values was created.

Citric acid content in the wine was analyzed using a titration method with 0.1 N
sodium hydroxide solution [12], and the results were recorded. A graph illustrating the
relationship between time and acid content was created.

Sensory evaluation was performed on 30 general consumers, including university
students and staff from Khon Kaen University, Nong Khai Campus. Consumer acceptance was
assessed using a 9-Point Hedonic Scale, where 1 indicated 'dislike extremely' and 9 indicated
'like extremely.' The characteristics evaluated included appearance, color, odor, flavor and
overall preference. The evaluations were conducted in a laboratory under white light.

4. Statistical Analysis

The parameter values were expressed as means + standard deviations. Variance
analysis was performed using Analysis of Variance (ANOVA) at a 95 % confidence level.
Differences in means were analyzed using Duncan's Multiple Range test with the SPSS Windows
Version 28 statistical software.

Results and Discussion

1. Suitable Conditions for Wine Fermentation

The parameter values analysis, including sugar content (°Brix), alcohol content (%),
acidity (g/100 ml), and pH in the 14 wine treatments during the fermentation process on days
0, 3, 6,9, 12, and 15 are shown in Figure 1. An increase in alcohol content was observed
from day 0 to day 7 in all experimental sets, after which the slope began to decrease from day
9 until day 15 (Figure 1(a)). This trend correlated with the sugar content, which continuously
decreased from day 0 to day 7, after which the slope remained constant from day 9 until day
15, as depicted in Figure 1(b). The experimental set 4 had the highest alcohol content, which
was 9.15 %, followed by experimental set 7, with an alcohol content of 8.15 %. Both of these
sets had remaining sugar content of 7 and 3.15 °Brix, respectively. Meanwhile, the acidity in
all experimental sets slightly decreased from 0.43 - 0.57 % to 0.27 - 0.37 % on day 15,
as shown in Figure 1(c). This was consistent with the pH values, which remained relatively
stable, ranging from 3.33 - 3.56 onday 1 and 2.96 - 3.65 on day 15, as illustrated in Figure 1(d).
Both acidity and pH values were influenced by the raw materials and the fermentation
process, with the latter being a significant factor in the production of herbal wines. The organic
acids that may form during fermentation include succinic acid, lactic acid, citric acid, and
pyruvic acid [13]. The acid content and pH values obtained were close to those reported
in herbal wines, with acid levels typically ranging from 0.3 - 0.5 % and pH values in the range
of 3.0 - 3.5 [7]. Based on the experimental results, experimental sets 4 and 7 were selected for
sensory evaluation by 30 general consumers in order to identify the most suitable conditions
for further study in phase 2.

https://ph01.tci-thaijo.org/index.php/rmutijo/index
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(b) Changes in sugar content during fermentation
Figure 1 Sugar content, alcohol content, acidity, and pH values in the 14 wine treatments
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(d) Changes in pH content during fermentation
Figure 1 Sugar content, alcohol content, acidity, and pH values in the 14 wine treatments (Cont.)

The sensory evaluation of the wine products from experimental set 4 (mint leaves
75 g, 22 °Brix) and experimental set 7 (mint leaves 50 g, 16.73 °Brix) is shown in Figure 2.
The analysis using One-Way ANOVA (F-Test) at a 95 % confidence level showed that the
experimental set 4 received significantly higher scores in terms of odor, sweetness, residual
taste, and overall preference compared to experimental set 7 (p<0.05). This could be attributed
to the higher alcohol content in the experimental set 4 compared to set 7. These two sets were
palatable to the majority of consumers owing to a stronger and more distinct aroma. Based on
these test results, experimental set 4 was selected as the suitable condition for further study.
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Figure 2 Sensory Evaluation of Wines from Experimental Sets 4 and 7

2. Wine Fermentation at Different Times

Fermentation of mint wine using the conditions from experimental set 4 (mint leaves
75 g and sugar content of 22 °Brix) was compared at different fermentation times and flavor
refinement. The experiment was designed in three sets, including: 1) fermentation for 2 weeks
followed by aging for 2 weeks, 2) fermentation for 2 weeks followed by aging for 1 week, and
3) fermentation for 2 weeks without aging. The results of various parameters, including
alcohol content, acidity, and pH are shown in Table 3. No significant differences were observed
in the parameters of all the experimental sets at a 95 % confidence level. Generally, sweetness
decreased by approximately 1 - 3 °Brix per day as sugar was converted into alcohol [10].
However, the alcohol content obtained from all three experimental sets was relatively low
compared to the initial fermentation experiment. This might have been due to the high and
fluctuating temperatures during fermentation, which led to reduced yeast activity [10].
When alcohol content is low, the remaining sweetness tends to be relatively high. Nevertheless,
the acidity and pH values for all three experimental sets remained within an appropriate range.
In conclusion, the 2-week aging period did not significantly affect the 4 parameters. Wine aging
is a process that benefits from a longer duration, as it involves chemical reactions between various
substances such as acids, sugars, alcohol, esters, and phenolic compounds. It also involves the
precipitation of proteins, microbial cells, and various suspended particles to clarify the wine,
resulting in a clear wine with desirable taste, color, and aroma.

Table 3 Parameters of Wine fermentation at weeks 0, 1, and 2

Aging time Sugar content Alcohol content Acidity

Set . pH
(week) (°Brix) (%) (g/100ml)

A 2 10.00+0.10 7.81+0.08 0.34+0.03 3.724+0.01

B 1 10.33+0.23 7.85+0.15 0.32+0.02  3.71%0.04

C 0 10.13+0.12 7.90+0.13 0.34+0.02  3.70+0.02

Mean + Standard Deviation
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The sensory evaluation of mint wine products was conducted using the experimental
set A (2 weeks aging), with sugar levels adjusted to 12, 14, and 16 °Brix using spearmint syrup.
This evaluation involved 6 samples with varying fermentation times and sugar adjustments,
as depicted in Figure 3. It was observed that all samples differed significantly in terms of odor,
sweetness, bitterness, residual taste, and overall preference, with statistical significance at a
95 % confidence level. However, there was no difference in color and clarity among the samples.

The overall preference scores showed that samples with a sugar adjustment of 12 °Brix
received the highest scores for odor, sweetness, residual taste, and overall preference, compared
to set C (samples with a 2-week fermentation time and no sugar adjustment) with 10 °Brix.
The difference in overall preference scores was not statistically significant (p>0.05). In contrast,
samples with no aging received the lowest overall preference scores, with statistical significance
(p<0.05). Samples with a sugar adjustment of 16 °Brix received the highest scores for color,
clarity, and odor, although there was no statistically significant difference compared to samples
with a 12 °Brix sugar adjustment (p>0.05).

These results suggest that aged wine had better sensory characteristics compared to
non-aged wine, even though there were no significant differences in their chemical and physical
attributes. Sensory characteristics could be further improved by adjusting flavoring agents,
taste, and sugar content. This aligns with research on wine consumption behavior and consumer
attitudes towards homemade wine in the middle-market [14], which identified key factors in
wine selection as cleanliness, sweetness, and the prominence of ingredient aromas. Longer
aging processes also contribute to desired sensory attributes, as they involve various chemical
reactions between substances such as oxygen increase on the surface, esters decay, and the
precipitation of proteins, microbial cells, and various suspended particles, resulting in clear
wine with a pleasant taste and aroma.

sensory test

e ) Week 10brix === | week 10brix =====( week 10brix 2 week 12brix s====72 week 14brix =2 week 16brix

color

overall preference clarity of wine

[/
residual taste in the mouth \ / mint smell
bitterness sweetness

Figure 3 Sensory evaluation of wines with different aging and sugar adjustments
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Conclusion

Set 4 (mint leaves 75 g, 22 °Brix) had the highest alcohol content in the first phase of the experiment,
and consumers were also the most satisfied with its aroma and residual taste characteristics of
set 4. Therefore, set 4 was deemed suitable for further study in phase 2, where it was observed
that aging did not significantly affect alcohol content, sugar, pH, and acidity levels. However,
consumers expressed greater satisfaction, particularly in the sample aged for 2 weeks with a
sugar adjustment of 12 °Brix, which received the highest scores for aroma, sweetness, residual
taste, and overall preference.

This study highlights the potential benefits of mint beyond its general use as a herb or
food additive. It underscores the value addition potential of mint, particularly when further
developed and enhanced. Such efforts can increase the value of mint leaves and promote the
development of innovative products derived from mint.
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Abstract

The objective of this research was to investigate the effect of water hyacinth bio-extract on
the germination of lettuce seeds. Lettuce seeds were soaked in four ratios of bio-extract and
distilled water: 1:250, 1:500, 1:750, and 1:1000 v/v. The soaking duration were 6, 9, and
12 hours. The germination test of the soaked lettuce seeds was performed using top of paper
and field emergence methods. The results showed that the ratio of 1:750 v/v with a soaking
duration 9 hours gave the highest results in both germination percentage and germination
index. The germination percentage was 86.58% in both methods. The germination index by top
of paper method and field emergence method were 10.68 % and 10.01 %, respectively
(P<0.05). Therefore, the application of water hyacinth bio-extract could be a way to promote
the germination of lettuce seeds. This could also be another way to get rid of water hyacinth
and solve the water pollution problem.

Keywords: Bio-extract; Water Hyacinth; Germination of Seed; Lettuce
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Abstract

This research aimed to explore the practical use of recycled polyethylene terephthalate yarn
(rPET) in technical textiles, extending its application beyond the apparel industry. The specific
objective was to produce woven fabrics from rPET yarn for the seats of portable chairs,
which are commonly favored for outdoor events. Initially, the process involved twisting
300 denier rPET untwisted yarn into rPET-1 (single-yarn) and rPET-2 (two-ply yarn).
Six woven fabrics were then manufactured in three different weave designs (plain, twill,
and basket). The warp was rPET-1 at a density of 50 ends per inch, while the weft alternated
between rPET-1 and rPET-2, each at 40 picks per inch. The results indicated that fabrics
with rPET-2 as the weft exhibited superior tensile and tear strength compared to those
employing rPET-1 as the weft. Plain fabrics demonstrated the highest tensile strength,
while twill fabrics displayed the highest tear strength. Consequently, these two fabric types
were selected to produce the portable chairs, in contrast to the conventional portable chairs
constructed with polyester fabric. After subjecting the chairs to a compression test with a load
of 150 kgf for 5 cycles, the chair with a plain fabric and rPET-2 as the weft proved the
most durable. No damage was found on the seat or frame, and fabric stretching was minimal.
In essence, this research underscores the potential of rPET in the durability and sustainability
of outdoor seating solutions, while also demonstrating the feasibility of applying this
recycled material in technical textile applications.

Keywords: Recycled polyethylene terephthalate; Woven fabric; Plastics bottle; Recycling
N
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UNANLD

MeEumMsAnmMIENoLUUSaeIMITMEmMsmsmie3 (Laser Ablation) vuianmasludidnm3n
fin nzmnaglsn (Lead Telluride: PbTe) mailAauzasgamaiiinanmsszimemesusoiaidauu PhTe
Wumsaduuvudiasemondnmians lngldsadovismaldludeduun aelisunsy COMSOL
Multiphysics 5.5 uaz ANSYS 2021 R1 Tumsvinideimunlimasoesamesimaasuulaesmig
10 0 40 W lugariinnusilumsnisuiivesawesimswasuudaseain 1000 f9 4000 rpm
namsasuuuiinesnudn AnnmsilumsindoufivesawasAmil amnaivy PbTe 1iindu
famdsrenmdesimuiy WwAsduilimdssesadesaoi ounnigigasnaoilaniumsd
TumsinReuirosmigesinty wistANuSeuARIULULYA (Moving Point Heat Source) wasiaLzasf
20 W lgaumniigugnguniigaviaeuviaizag PbTe wwndes a1asowalunmsasvaynauiluzes PbTe
semaalsunsndwesidudnnuuanaeiulifio 10 % Feaunsoldlumssouasimunuuiiaes
mendinmansuemsszmemsfmemieosiauysaiuazAveauludn

MEAY:  ANImaglsn; TeAwmesludlannan; MysimeaIneEIges; wwudaes; sbouismslludwedwun

ATINEIMAaNS U Ineaemalulagnszaouna1suy;

Aasnas AN IAG DRz TR umInendemaTuladnszvouna suys
queysanmamaluladiioaamassulng umnengemaluladnszsomndisuys
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Abstract

This objective of this research was to study the simulation of laser ablation on thermoelectric
material (Lead Telluride: PbTe). The temperature change caused by laser beam ablation on
PbTe target was simulated using both COMSOL Multiphysics 5.5 and ANSYS 2021 R1 finite
element analysis software packages. The laser power varied between 10 to 40 W, while the
speeds ranged from 1000 to 4000 rpm. The results showed that at any given laser speed,
the local maximum temperature on PbTe increased with an increase in the laser power.
The maximum temperature decreased with an increase in the laser speed at a constant laser
power. The moving point heat source of laser at 20 W gave the maximum temperature, which
was slightly higher than the melting point of PbTe, potentially resulting in the generation of
PbTe nanoparticles. The results obtained from both software differed by about 10 %.
Both software can be used to simulate completely and even more effective in the future.

Keywords: Lead Telluride; Thermoelectric Material; Laser Ablation; Simulation; Finite Element Methods

UM

T

Taqesludannin Wuidgnndpmautanlnnszudliilnamiuelapnuunnmovesamnnd  uaz
alaAnuuanmsTaIgMnAlsznIemMudgesnuresniannes ludlnnina:lanscualniheanin
Tnouszansmwoesianmesludidnninuuiuedium Figure of Merit (Z7) Taefl 2T = S°oT /k
do S, o, k ua: Theo duUs@nddiun aammsthliih smmmsihanmieu wazemngi musd
Tneinuauiifzesianmesuddnniniiuy. maammailiihansesiimg wemamwmahanusou
mssimiian

masamemauazmItaAzreumamumemgesiy umsdonn:idi@ng Wnaisa
wazlivihmedowandemnslildldmsailumsdnns msdoansifemigesiuausg
UszanAlimaeatne Asietnonuids msduanzieumaniuzeon:iimaglsn (PbTe) WumInas
Miuihismeesuuiad (Pulse Laser) Tneldl Nd: YAG Laser mauAmueInauil 266 532 ua:
1064 nm TaefinnuemARuil 1064 nm donaremssdaazieumawtuzasnzMmaglsdlimnanion
fduiuguinasasoymauluegludas 4 - 6 nm [1] manIouwouTumesudidansnlui
Taeld Nd: YAG Laser in0menandu 532 nm [2] msfnslasoasodomama uaznmauianiouds
vaflauudoAgiaulud (ZnSe) Mndoulasmsszmemsmeaesluszuuguaimea lagld
m3veulreenlafmwesuuusaiios (CW-CO, Laser) Tneftsuunoiilduiimshlumseusen (Anneal)
fianunaii 100 200 waz 300 °C wudiilegamgilumseusewisimu axviliewazeswdn (Crystallite
Size) gooilanv TR auluAinIRNiY wazmPesiouauNaueIY (Energy Band Gap) 9zanay
degamaiilumsovdewdiiniu [3] wibisnsoilinsasiaweidannziianliduounaunuiuy
gampizeaaasnRnA AUl winsaouuuineseilnaamainasiade Sian i ian

masswnvudaesivsloriegmn  $elimansainanInAaos  NIBNIZUIUNIINER
fumhla shlvanlemannuaananlummaass WIeANNAANRIALUAS LIUMIWARUgATIASINLA
maseuuuimesmslianuieudmsunsmmdsnuanusounnaes  deaziivs:Toudlunumu
maRAmuae’ madeumumges Imetnnuiduasuuuusinesmnaoundaness AlSilOMg
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Tnihuiloderiumeages Mimsssuuuuimeclaesadonsiluseawun mellsunsy ANSYS 17.0
Tnefimsfnslnemsiasuulasmassonawesiiy 70 100 130 160 uaz 190 W ua:msiasuutag
aaseawesi 100 200 300 400 ua: 500 mm/s WuhimaesEwes uazANUS TR
funnmoiu dnadvemngivesaigeslunsnasunsdansed [4] mMsfnvmsasiouuuiiaes
mydommaninag (DP 600 steel) uazagiifisndanann 6061 (AA 6061) Tnesililugpsmassuenueun
Tniuiiomei ﬁamaLﬂﬂﬂﬂiﬂﬂﬁnﬁaammudmﬁm uazdmMsSeueunuRamsnANes  lReiins
WaBLLRIANUILUUNR I AIDe5 (Laser Energy Dens1ty) u 371 Jmm?® fienusiawesidu
8 mm/s URZ 1/1mmwumuuwawml,ammmu 297 J/rnm frnusawwesidu 10 mm/s wui
dioAnunutuna s Sy qmm_]uﬂﬁ]:mmu wazANUENLRANUN sBe e ToN Tl
NMINUVVTIA0Y U8ZIINMINARDINANNUANANIBYLRATDY [5]
afinamesiudaFeuuusiaessesmslianuieouiiomigesiuils: logdun
AoluanMIANMIE AR AILLUUS moTRsM IS emsaesmiveulreenloduuunedion
AfimswRsuasamesawe’ wazanustlumsefeuivessudmiges Wilouunssnnuiou
indeuRiuuuaauunzAImaglsaniduisqmesTuddanin  Wememnailumsnaeumaiza:i
fussmgesiAfouiivunzMmaglsn  MInaoumaIRzdRafensUIUMIsIMEEs lnsMseIaLge s
welwdanouly Tnglisadeuisms Ilufeawuslumssiouuusiaes meldsunsy COMSOL
Multiphysics 5.5 uaz ANSYS 2021 R1 uazlSeuisuiesidusnnuunnmonnnagamgioasi
susnagesindsuivunziumaglsdnlianmanuuuiteessniosessunss deduuuine
Tumsnaasmsdaaszinonuzasnznamaglsnmemsveulaeenlefiaies

A5MI

1. sumsmsaeloumInsou
AMSANBINTIILUUIIRDIZANININENNTAITON8ToUANNTON  RanSHUAINSDUY
3 @R Fuedsuieamnad (T) MduNsATuD x, y, z uaztIa) () Avaumsn (1) [6]

pcp%+ pCuVT —V-(kVT) =0 (1)

oT =« 9 o dX . .
NG pCp@— umenazananuiaumelulanniuivim wmen pCuVT humen
t

NUMTUNIMIANNTOULLBINURRIANNSOUNAREUN (Moving Heat Source) n3aalawas (Laser
Beam) MtARaun uazmen V- (kVT) wWumenmaihanuisumelunznimaglsa

Tael
p Ao Anumnuduzesnzimaglsd (kg /m’)
C, @n ANuIANNSouBasnznamaglan (J/ kg - K)
T fAe gunadl (K)
ko Ao mathanuSeuvesnziumaglsd (W /m-K)

Taodusosnaeaomvasnzminaglsd axdumsaiunnuiou lneguuuresiandnnusou
TnepasnandanusaulrsaudsagosNUULUUMINITMMLULLDDINRTY  (Gaussian Laser Beam)
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72'1"0

Woa IO INTTNUAUANIMAgLIA 9:AANIIAANAY URZNIINNDUTOIUEY 923N
WnuunasAuseu (Heat Source) Munnoooiles - uanidsm (Beer-Lambert Law) AvaNn1s (3)
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Ty,
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Tae
Ao Mdveeuaes (W)
fulszEnsmanganauzesnznamaglsn
o duus:Ansmsasfieusesnziaunaglsd
Ao SANvOINILEIALEDS (m)
srozs e SuRzAz ImaglIn (m)

SN "I NGV
3
o©

N
b
©

deulususudwmivgamainum =0 Wiiudsaumsa @)
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m3melouanuiounnuaasmuzosduey snduiuaeesiuny WudEunsi (5)
—k (2—;) =eo(T* -TH+hT -T,) 5)

MIFUHINGI0IUANINTDUIINAIUDBBIAIANINAglIn  1HagaInnTiInIANNToU
(Convection Heat Transfer) 91n@1m1A Auaumsh (6) [17] delunmsnaassmsnynzeainaniu
nznanaglsnazyilimsiiminnuiewduuuy Force Convection FudanAaadnumsnaAaaina [8]

q=nT~-T,) ©6)
Taed
o fe  dudssRnsmsihwienuieu (W /m*-K)
T feo  quuddmuuusenznnaglsa (K)

T, fAe aungideimeAsey 9 (K)

uaziimagalianNuIouiliosnmMursIRnn:nunaglsd luseu q @iwes Chamber
nlIspssurom lunaneanNMIFIAIR AVENNITA (7)

g=eo(T*-T") )

40
ISSN 3027-6756 (Online)



mafinmariuuudiaemsszmemImoaEesuuaznImaglsd
A Study of Laser Ablation Simulation on Lead Telluride

Tael
& fo  emissivity poonzunagls
o Ao  Stefan-Boltzmann Constant
T fe  omnniifiAd Chamber AAgonigmnafionmesey q Usznm 310 K

14 i

nmuaisoasnznamaglen ludimsgadonnuiou Wudssunisn 8) [4]

or
()| -0 ®
oZ)|,.,
2. MIONLUVINDY

mssenuuuvestlilusunsy COMSOL Multiphysics 5.5 uazlusunsu ANSYS 2021 R1
Tumehuuuimes  qUhesosrzmmaglafdmiuhuuuhaeiugunonsuoniinnaiuruguinmg
14 HaAWAT ua:w 3 Jafwns amwseu q zesrznamaglsnedlueima ilisansadimsim
anusenamemAld  susnagesBsludrnuunesn:minaglsd  uaziARouiiniszezsail 4 TaRwns
uwazlaimsuvslamuiuuusesiunueeniduseslamy  Teslawunisimsaodumeiiages
fimanReun Aoguil 1

Laser moving o Laser moving

3

0 __0.007(m) L ;

(M msuvolawulaalysunsn COMSOL Multiphysics  (7) msuudlawulasldsunsn ANSYS
N1 Junsspeenznunaglsandmsutodu 2 Tawu MnnsaeclUsunsy

ualdsadovisluluAefmun (Finite Element Method) Tums&519 Mesh unaslamu
Tnoi lawui 1iawwesiaaoudiin Mesh wuu Ultrafine Mesh saulawuilmaeldnnisin Mesh
WU Coarse Mesh dnguszaadifinanatlumeiuuuiians [9] Taegusiazos Mesh Aas1As
Tetrahedral AagUM 2 uazsANlTUsUWNSH COMSOL Multiphysics 5.5 uazlUsunsu ANSYS 2021 R1
Tumsviuuusiaes mwsznesesldsunsuil WulUsunsuiifimsimniimiaananios uas
duTdsunsuifisslumshuuuiaosmesadeuililudefums TnesuiimoernuSeusesnzmimaglsn
waneAIM 3197 1 wasnsiwesildsmsunuusiaos uansfomsed 2
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AV -
"4,

i
(] 0.007(m) e
L E—

00035

(n) Mesh TnelUsunsy COMSOL Multiphysics () Mesh laglusunsn ANSYS
qUN 2 Tetrahedral Mesh vuinguannssaslsunsu

MmN 1 suiAmsAnusenvasnznmaglsa [10] - [14]

Properties of PbTe Values
Thermal conductivity (k), W/mK 2.141
Density ( p), kg /m’ 8150
Specific heat capacity (C,), J/kgK 155
Emissivity (&) 0.8
Melting point, K 1190
Convection heat transfer coefficient (), W /m*-K 10

MIWN 2 WidwmasnldlunmsaAnw

Parameters Values

Laser Power (W) 10, 20, 30 uaz 40
Laser spot size (mm) 0.2

Absorption coefficient 0.8

Scanning speed (rpm) 1000, 2000, 3000 waz 4000
Time (s) 0.075

Reflection coefficient 0.2

NRN15I98

1. msfnmmsiRsuulasmassesaites

dousaeInEnuuuRzmMImaglsn  wasliamudaeSinReuimyuimenmsI 4000 rpm
nalumsiraeuizessussnaesiiu 0.075 3w Taeimswasuulasiasenawesiiu 10,
20, 30 uaz 40 W iiemmidssenmgesimmnzanlumsdonszieumaulusosnziunaglsn
TnemenAdesiumsnaneones [16] Rngmunaiinldezdiuldinfeomdssenaesifiniy amungi
fosiindumulufe Aogudl 3 ugnmpivunzianaglsd Taelusunsy COMSOL Multiphysics
grunnfiwAugodaUsznm 975, 1670, 2400 uaz 3060 K uazgUil 4 ugmnaivunznamaglsd
TaeTusunsn ANSYS aamgiwdsgoaatszana 915.43, 1627.7, 2291.5 uaz 2955.4 K msa1Au
dlomaspooagoiiindu ilindndanuiou (Heat Flux) dindumemusanmsi ) mszvand
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ANUTauanaIUlnoNTINUMRIDBILALEDT [4]

Time=0.075 s ‘Volume: Temperature (K) o Time=0.075 s Volume: Temperature (K) o
A975 A167x]0°
x10
1.6
900
1.4
800
12
700
1
600
0.8
500
0.6
y ﬂwo =
l_’ X ¥300 v300
(n) Masagas 10 W (9) MAvaIEas 20 W
Time=0.075 s Volume: Temperature (K) o Time=0.075 s Volume: Temperature (K)
A306x103
v300
(A) MavaLEos 30 W (9) MavLEes 40 W
JUn 3 gunpivun:nunaglsa Taeldsunsy COMSOL Multiphysics dimsiasuulasidoaiges
10-40 W

LL.
0 0.007 (m) .

[ S—
0.0035

(1) MAIALEDT 10 W (1) MAIALDDT 20 W

4 gampiivusznimaglsn Teeldsunsy ANSYS nimsiwdsuudasiauaises 10 -40 W

o)
|l
<.
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o i
0 0.007(m) X 0 0.007(m) X
L S—

L Se—
0.0035

(A) MagLEas 30 W (0) MA0RLYDS 40 W
U4 eamplivunzminaglsa Tneldsunsu ANSYS mimsiasuudasmasiaies 10 -40 W (7g)

ﬁnﬂgﬂﬁ 5 LLa:gUﬁ 6 Lﬂuﬂiwwmmﬁuﬁu5i:w’jmqmwgﬁqaqmﬁuL’Jmﬁﬁmsmﬁﬂuuﬂaﬂ
mavzesaes Trelsunsy COMSOL Multiphysics uaz ANSYS dunatlumsindeuivesaides
powA 0 @9 0.075 Fwii MyaiEuAuzesmMsAeufizeaeein 0 Jui aumgiGuduremams
WRsnwamdnaesiiy 300 K a:wuhiiivesgunaigeaaimanaiges 20 W valsunsu
COMSOL Multiphysics uwaz ANSYS fifmnnnitgmnaiiaanaemnad (Melting Point) #onzi7

waglyd@ntes  o19dunalionmMA TUNNgAO0NNI9INNIRIATITRAIBISNITTUADAILLALTDS
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T T
0.00 0.01 0.02 003 004 0.05 0.06 0.07 0.08
Time (s)

U5 ANuFNNUSSnIgun)dgogauazarlnelisunsy COMSOL Multiphysics 71{n113
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1500 4

Temperature (K)

1000 4

0.00 0.01 0.02 0.03 004 0.05 0.06 0.07 0.08
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U 6  anuduusITn g igigauzm lnelUsunsn ANSYS mimsiasuulasmaszeoaiges

wazANNUANA BB sAsuuUamMdszonaesidu 10 20 30 ua: 40 W 91AMIE30
wundaasnupainmansalallsunsy COMSOL Multiphysics unzlsunsn ANSYS umnm1onu
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Abstract

This research aimed to investigate the influence of rubberwood fly ash on the thermal conductivity
of fiber cement sheets made from cement, rubberwood fly ash, paper pulp, and banana fibers.
Rubberwood fly ash was used as a replacement for cement at percentages of 0 %, 5 %, 10 %,
15 %, and 20 % by weight of the binder, while the paper pulp and banana fibers were fixed at
46 % and 1 % by weight of the binder. The water-to-binder ratio (w/b) was set at 0.6, and
the thickness of the sheets was 10 mm. The sheets were molded using a semi-dry process using
a hydraulic pressing machine with a force of 25 tons. The results showed that increasing of the
percentage of rubberwood fly ash reduced the thermal conductivity or increased thermal
insulation and also improved sound absorption properties. However, it did not significantly
affectted density, compressive strength, and tensile strength perpendicular to the surface.
The optimal ratio for satisfactory thermal conductivity was a mixture with 20% rubberwood
fly ash, which had a thermal conductivity of 0.620 W/mK, higher than the typical cellocrete
sheets with only 8 %.

Keywords: Para Rubber Wood Fly Ash; Fiber Cement Sheet; Thermal Conductivity; Thermal Insulation
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1. ATITNULY ANUTY uazMIwasRLouT
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pRsnnuNgAnT IR RuuulSEnduauns it - msuaninesununoun3aazmsliom:
mziiosmisamdnugUuuumsivazesa HC-CSFT i1 PC-CFST fiusodngogaganiiem
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HC-CFST vszana 1 -2 % fiegus 28 u eenalsfimm fleigun 90 Fu 1o HC-CFST fiusedngann
gunnndufiewSeudisuiue PC-CFST iflosninaeunindild HC fdnauzesiantedlaaiu
naunumslitudin uenanifuhsumssenuuuzas ACI SanNsmNuBusIAgsaAaae HC-CFST
liethognaes Taeast anwamsAnmdlidiuiudwudlansedansmsaliidumadennaun
Yudwualaiauaunlunstiveasmamannsonnauninlaegiuiils:@nsnm

MEAY :  IMamannsonAsunam; Yudmualansedn; nomanminAATRNNALAT; L39oR luuILAL

Abstract

This paper focuses on the study of the axial load behavior and failure characteristics of
rectangular concrete-filled steel tubular columns using hydraulic cement (HC-CFST columns)
under concentric axial loading. The experimental specimens consisted of 36 rectangular columns,
each measuring 150 x 75 mm in cross-sectional dimensions and 750 mm in height. The key
variables examined in this study encompass the type of cement, the thickness of the steel tube,
the ultimate compressive strength of the concrete, and curing time. Two distinct variants of
cement, hydraulic cement and ordinary Portland cement, were employed at three different
compressive strengths of 18, 25, and 32 MPa, with curing times of 28 and 90 days. Steel tubes
were available in three thicknesses: 3.0, 4.5, and 6.0 mm. The compressive load was uniformly
applied to the entire section and tested by progressively increasing the axial load until the
column reached failure. According to the test results, the HC-CFST columns display linear
elastic behavior up to almost 90 - 95 % of their maximum compressive loads, after which
the behavior transforms nonlinear until failure. Cracking of the concrete core, as well as local
buckling of the hollow steel tube, were observed as modes of failure in the HC-CFST columns.
The PC-CFST columns demonstrated a maximum compressive load that was approximately
1 - 2 % higher than that of the HC-CFST column at 28 days of curing. Nevertheless, for 90 days,
the HC-CFST columns exhibited a greater maximum compressive load compared to the
PC-CFST column due to the presence of pozzolanic components in the HC-based concrete
instead of clinker. In addition, it has been observed that the ACI design equations are capable of
accurately predicting the maximum compressive load of the HC-CFST columns. In summary,
the findings of this study suggest that hydraulic cement could be used as an effective alternative
to ordinary Portland cement in the case of concrete-filled steel tubular columns.

Keywords: Concrete-Filled Steel Tube Column; Hydraulic Cement; Rectangular Steel Tube;

Axial Compression
N

Dagiiuilymansuneunisnesisszuuuunaelui (Cast-In-Place Construction) sowalildszaziiaun
Tumsdnfiumy  $INEIUIULIINUURLAUNUABUT I UARINKIVNADINTUAILADANIUTI
Jagiufe Joummsviauasuusssuieas g [1] foudnidanusssumam I nnaLny
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witiilifisswerormsiosmslununoss  Tnsmwzesnods  dmsumsiuaRouulowmefmum s
Thsoasoiugu BodonaliAnANuResmMsT s suRdngssuluaas N TuReasy Suufosig
wunseluidnanenlisrenrdesiuiicmemsnessenfimsudsiuiulumusezonuaziuny (2]
uonNALEiHanTUMeBoNAe Sruuneavuuunseluiredlilidumduuazuuunsenaunia
TuSmannn desonaiielnensereilymimusiownseudnime [3] - [4] sndesiniinanmn Jahams
WA szuumsnesuuudISagy (Prefabrication) ienouALBIMIBINBAMUAIALNUTANE MDD
Fudmlasoasis (Structural Member) (il InaINIaaATZBIRIUNSABNSILAZATUANATIAM
vosdunuldnniiewSouiouAusoououiu (5] wenanil SuNTaRRTaMMITIALARLLTIU
smdsanuannzndevezuazsandolusomidessolmduediod [6] Medodu maUszandld
nomannals (Steel Hollow Tube) iuuvuvaesuiagansvend Inemyssnuuulinemaniunss
sadvlassaoslnglioenuuunsei@iAsnaiioan [7] - [10] widsdsznevdsaanignidendn
ivemEnnsenRauAA (Concrete-Filled Steel Tube Column, CFST) fenwassAsnaniien/Sauiiey
AuisAounImasumangUuuuiAn liud (1) Aeasuldedsimduilesnnnemannasgnliiiu
wuuvgennslilassaon ilunuuaznatlumsteassanas [11] ) sewmannaanhuthiisaudiu
LALABUATAIUMTTUUTION LABDIABNANNIT NT2915INANLDUABNINGRA (Composite Action) WRZ
uwnupaunindudetiasiumsldom:somomanluszezSuduuaaiuls:Ansnneomiin - dowali
LE@BMANNTONABUNIANAAITULIITALATANNTEIFININEIABUNIAEINIAN [12] - [14]
3) widsUsznovdefindszAnsammsnadundonu donalfmmnzdmsulaseaoiuguiodly
fuiiFsoredsRtAidosnuruAnln [15]

aglsinu ludagiusvewmdnnsenpeunialiiandontsrmunnyuiuuivesauaud
(Ordinary Portland Cement, OPC) LUuwan Tﬂﬂﬁvumaumiwﬁm‘gju‘?iLuuﬁﬂa%’mmuﬁﬂmiﬂﬁiaa
fam3sveulasenlyd (€O, gouvssnmAludnngs uaxdudAud 1 sesgrsmnssuiildesing
I50un329n (Greenhouse Gases) luiszimelng [16] delunszvaumswdnyuiiuuadiuag 1 fu
Asnamsidasy CO, Yszanm 1 Au wWu@eddu [17] #ansznuanysngnmsalissunszantonans
mawAsuulaspiiomauazdoanzasuyse 1wy Msiivomnafizesduussemainlfifanansny
MugsA AR BEIInTIuRzmMsten du [18] Aoty msliTaadents:mumaienionauny
msldyudmuadesauannaziunanszmuidsuindemsaniymmstass CO, uazaNzZoUNIZIN
Yudmudlanseanvselsuindiumn uisaifiosAusznevanudia (Clinker) U4 (Gypsum) Liaee
(Fly Ash) uazfiugu (Limestone) TnsanuTmamsliuiiauazunuiimeiaanaunumumasgi
uan. 2594-2556 [19] iednndunanyuiinana ililindanulunszuiumsndnuazaniaes CO,
fesnifledfisuiumswanuduuiesauaud oalsimu MiBNUMASIURzMALNTURRIETE
Tuvszndlng  dempanuidesudmsumaihudsmdlansednlulflunutessn  esnndmndoys
nanaseuiudnlassasnlijuduudlonsoinmeldusonssn 201 Aoty nuideiEesiingUs:aA
WefnmmgAnssuzasEmamanmindndmasnAumnsonAeun3aflliudumilansedn (HC-CSFT)
meluseenluuuiuny  usalSouifsunanaseuildiuamomannsonAeundamituumvesauaud
(PC-CSFT) Tneunanuilfidiufinssniiminanavaesini (Rectangular Section) (figsnmsnossg
o1 sluiagiuisulnaniuuavaeaddanun o aunielnaAesfuAINNUIRINTINDDENID
wiisshiSasy deimilennslimesunmeims sudsswihAnfwasAnimigslufigAnmnniin [21]
aae  waansnlannnuAdeesdsensiuamdeuresjufnudlansedn uazaunsahoaAnmNg
Alaluuszgndliflunulassaoiugilfeognioouazmmnzan  iediunananuazUs:ansamivuse
goumsatlumsdniinounesiodely
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AEMLIUMTI

1. suUAYRIIEn

PndumAnlflumsnSeudioud 2 Usaan Wud Yuduudleasedn (HC) Usaanldnumly
(GU) au woan. 2594-2556 [19] uazyudmnnlasauaunlszan 1 (PC) mu uen. 152562 [22]
AauNSAMAIUNA (Misstiminusznm 2,400 kg/m®) senuuuUfmAsIuNENABUNSAMUNIATEIL
ACI 211.1 [23] Tnafidaosuuseontszaemiay 18 25 ua: 32 MPa 289AUN3IAFUNTINI BN
flogun 28 Tu dadlumdssuusssalsduludlinuuasinlinesswermsamaanlulszmealng
NewmannRIMINARTMRBNARMZINA (2 x B) WAV 150 x 75 mm WAnlAsmsiuwHuwmanlasas
wouiadiu dodunomannamiveudmsvaulaseasnilumy wen. 1072561 [24] AfiATum
N 3.0 45 uaz 6.0 mm TUMIMAREUMAITULIIDNDBIABUNIANIZIMUNIATEIL ASTM C39 [25]
florgun 28 waz 90 U uRmANEUMATILUIIRMAANTIASUUTUN AN INYIDMANRIIMTIARA
ARENANAMUIATEIN ASTM A500 [26] 91AwamsnAsauAauA3Afiimasuwsssalszdams
huaneway 18 25 ua: 32 MPa #80M288103UN39NT:UBNBWIAEURNIUAUENA1IWIAY 100 mm
UWAZALEY 200 mm Tnefdmau 5 Methorediunsunyd fiegty 28 Fu Aeun3adild HC fmdasu
wsedAUsRBRALIAY 182 25.1 ua: 33.8 MPa muawy unzpeunsaild PC fimdssuussdn
UszdBaAnwindy 18.8 25.4 uaz 34.2 MPa mudAy Aoms1sd 1 amsaiuldd nadiunauzes
paun3AiMassuLsEAUsRuRunaRmuihmnefifinun Tneaouninild PC fimdssuussdn
Ussdngendineun3ndld HC @ntfeeiilasan HC fisnssunsuyudiatiesndt PC Usznm 10 %
sosUFmammun [27] dowalimsvimunmassuusedndmmaiiienyuy 28 i otdlsinm Tieguy
90 Tu moun3ndld HC fmassuusednUszRugonireuniaild PC Uszanm 1-2 % iflesan HC
donliTanuedlomunaunuludin Fnduiladendndemassussdaiigeiu Weorgtunaun3mAunT
28 Ju [16]

2. AR IEIVBNRNNIBNADUNIA

Fieto@amannsanAaunin (s CFST) winARRmABNAuRIDIIA (H x B) Wiy
150 x 75 mm ANNFI (L) WA 750 mm uamwmummﬁnmamuuﬂuﬁﬂﬁaommm (L/B) v 10
Tnewsn CFST uadumusnasgiu 2an. 1007-34 e 5303(n) Aszud OATININYOY L/B TR0
fiefnlafin 15 AegoEduan 36 Aregognuiodu 2 aau Mud naudl 1 Wuisvemannsen
Aaun3ARld HC (i1 HC-CFST) waznauil 2 uisviewdnnsenaeun3niili PC (i PC-CEST)
doliiduenersde domsof 1 uazgUdl 1 uwanoanvazzasnomanmhdndmiouiuiinsen
AauA3AT AN

domntmageuns 2 nan gaamuadudnsailugluoy XX-YY-2Z Taelindns
Fomaluil XX wnefs Usianwesian CFST 312 suuuy léud HC-CFST uaz PC-CFST ihisfydnweiun
iWvemannsenAeun3aiild HC wasdvewmannsennouniniild PC musdy YY wnaneds
MdssuuseenUszdamathnmnedimndy 18 25 uaz 32 MPa wosnaunInflotguu 28 Tu gams
77 fusganwaiuny aenunmzeciemannalshaanum 3 m liua 3.0 45 uar 6.0 mm
ety HC-CFST-25-6.0 manefis iiawmannsenneuninild HC dmassuusednls:ds
YOIADUNIANAD 25 MPa UAzZANUAIMBANAD 6.0 mm ua: PC-CFST-32-3.0 fio @vieian
nsenAUASATILE PC mdssuusedmls:dunsnoun3nuniu 32 MPa WazATMUEWMANYNAL 3.0 mm
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MIWN 1 aNDAdINazedIaALazAI0e19E) CFST

Concrete Steel Tube

Group Specimen Binder A, Jeasp  Jeoon t A, Sys Number
(mm?) (MPa) (MPa) (mm) (mm?) (MPa)

HC-CFST-18-3.0 HC 9,959 18.2 21.9 3.0 1,291  384.5
HC-CFST-18-4.5 HC 9,358 18.2 21.9 4.5 1,892 388.2
HC-CFST-18-6.0 HC 8,787 18.2 21.9 6.0 2,463 3954
HC-CFST-25-3.0 HC 9,959 25.1 28.1 3.0 1,291  384.5

1 HC-CFST-25-4.5 HC 9,358 25.1 28.1 4.5 1,892  388.2
HC-CFST-25-6.0 HC 8,787 25.1 28.1 6.0 2,463 3954
HC-CFST-32-3.0 HC 9,959 33.8 39.0 3.0 1,291  384.5
HC-CFST-32-4.5 HC 9,358 33.8 39.0 4.5 1,892 388.2
HC-CFST-32-6.0 HC 8,787 33.8 39.0 6.0 2,463 3954
PC-CFST-18-3.0 PC 9,959 18.8 21.6 3.0 1,291 3845
PC-CFST-18-4.5 PC 9,358 18.8 21.6 4.5 1,892 388.2
PC-CFST-18-6.0 PC 8,787 18.8 21.6 6.0 2,463 3954
PC-CFST-25-3.0 PC 9,959 254 27.9 3.0 1,291  384.5

2 PC-CFST-25-4.5 PC 9,358 254 27.9 4.5 1,892  388.2
PC-CFST-25-6.0 PC 8,787 254 27.9 6.0 2,463 3954
PC-CFST-32-3.0 PC 9,959 342 38.5 3.0 1,291 3845
PC-CFST-32-4.5 PC 9,358 342 38.5 4.5 1,892 388.2

PC-CFST-32-6.0 PC 8,787 342 38.5 6.0 2,463 3954

[NORE (ST (ST (ST S XN S I (ST (SR (O N \C R ST S SN S I (S 2 (SR (ST )

3. BUADUMSNATDY

gﬂﬁl 2 ugAIMIARAAIeE10E1 CEST AulA380 Universal Testing Machines (UTM)
WRLARNAMULIMAY 50 mm $189U 2 Wil 9AAALIIMUMEAUUNLA:AUE19Ba0E1 CEST
WiomensIgANIATE AR UANGILTMINAAYIVIUA uBnaINil Linear Variable Differential Transformer
(LVDT) §1u9u 2 @7 gnARfsiusnamuuuinazesnaies UTM ieinAladsnosse:namni
Tuuwiunuzana CFST 91mi (31 Pre-load Taelfusonszvusznm 25 % wesmaosuussdnneunsn
ieanusaREAMUINMThduAaTa oMot AALIEN [20] §AThe Wsusonsshetoreiiaie
8131 1 mm/min [14] wiaunudayanaenmsnadeulngld KYOWA DAQ autg1 CFST tinmsiva
TnesuysainsengANARaURisazAAAIRRINAY 50 mm [21]

__|75 mmL_ _JJ75 mml __175 mm‘__
J— o — e
Concrete Concrete Concrete
E using HC/PC E using HC/PC E using HC/PC
2 /| 2 /| 2 /
d 1 reg= 1
v v v v
A A A A
= — = = — = N
175 mimle 475 mn~-
g E
2 g

t=3.0 mm t=4.5mm t=6.0 mm

(Section A-A)

N1 wasBuALzanyMzpRoE) CFST
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Axial Loads
£ VDT
g Bearing plate
3 Steel tube
t=3.0,4.5,6.0 mm
75 mm
T e E
el i 7
g S 14 @ Concrete
§ Q >~ using HC/PC
Section A-A <
it
A A| _ Bearing plate
e ——
b ¢ H
1 :
Rigid Support i
i
1

HC-CFST-25-4.5

JUN 2 MIARAYAIBE0LE

WNRNINANOULAZDAUINUNA

1. WOANTINTULIILATANHUTNITIVA

NUIBUNARMSUEAINANMMINARTILLLILAYL (Axial Shortening) pOUEWMAY 20 mm

¥3OUNAU 0.0267 mm/mm BaYFMAIMATEAlULLILAY (Axial Strain) ABUNGA TediAniszana 10 oh
gagANIASEAN IS ULIIeAYIRbTasAIEAauASATUNTInsuen  uasliowliusdngogn
(Maximum Load) w38 uussdngaineiiinguzensn CFST Tasusiaanmsiasdmzaosvieman [21]
Uil 3 usAsANNFNRLS T ousssALazmInaRTluLuIuALBaNE HC-CFST uazia PC-CFST
flfanmanagey Taausngumumaasuussdnls:AuresnaunIawniu 18 25 uaz 32 MPa musAy

1400

1200

Axial Load (kN)
B D [~
8 8 8

[N}
=3
=1

1000

—=—HC-CFST-18-3.0
-%--PC-CFST-18-3.0
—o— HC-CFST-18-4.5
PC-CFST-18-4.5
—&— HC-CFST-18-6.0
-%-- PC-CFST-18-6.0

5 10 1
Axial Shortening (mm)

5 20

() f. 1miu 18 MPa

1400
= HC-CFST25-3.0
1200 + A --%--PC-CFST-25-3.0
t i o~ HC-CFST-25-4.5
~1000 - /A% - PC-CFST-25-4.5
Z L [ ARG —&—HC-CFST-25-6.0
=800 F 45 % Nz - x--PC-CFST-25-6.0
< J 4 Y -
3 [ ¢77 I\
5 600 S84 % NG,
e R e S
4 e
< 400 |}/ -
|/ .
200
o e
0 20

5 10 15
Axial Shortening (mm)

() J. iy 25 MPa

1400
——HC-CFST-32:3.0
1200 - %--PC-CFST-32-3.0
b ——HC-CFST-32-4.5
PC-CFST-32-4.5
%\IOOO —=—HC-CFST-32-6.0
= - % - PC-CFST-32-6.0
g 800 A T v— -
S
g 600 : - ST o
4 I . RS
< 400 [ S
/ :
200 Fjf
0 . .
0 5 10 15 20

Axial Shortening (mm)

() fo 1iu 32 MPa
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19U7 3 wuh weAnssuiuusevansn HC-CFST uazan PC-CFST fianwarlnfiAuaiu
Tnenganssusuusmmuasansauuslibusesdis  lutousnanuduiussniousssauazmamam
poulE HC-CFST uaziad PC-CFST Nanwausiuuidodingg (Linear) audumussdniszana 90 - 95 %
YRIMIIBAGIEA M nHuAuABUNIAIARMIuAnS azmamAddluknuethorelilon sonaliineunin
Aamszenemeanmafuing 28] mszenemvesnounindonanfulinewmdnilovsaununeunsn
AamsinlAseenteskitnamm:inmumisiunhoveonimewmdnvihdnfnasuiu [29] amiu
woANTIHTRaEILINGdTiNes eAIRt M ULISANTY  ANNANTUS SRS IEALAZMINAR)
TuuwnnuisuimanauazifsugluuludnenslSidodunse (Nonlinear) otoseLilosauiatig
WIARMIIUA [10] TnewgAnsansuussoesie) HC-CEST uasta PC-CFST fian#ausuuy Strain-Softening
dlosnnmisiemaniinmsiomzaam:iidsianuunsosesaifimanas [8]

'gﬂ%?"l 4(n) LL@:;;U‘T?"] 4(2) usAgaN¥UzMIIVATEIE) HC-CFST uasteh PC-CEST TaaiSaosny
MUANURNNBWMANYINAD 3.0 4.5 uaz 6.0 mm 91nJUNUINE HC-CFST uazidn PC-CFST fanuau:
MAIVALNAALIIL  TABLALABUNIAAANILANSITILAZDEEMIDDNNSMUTIY  §ilAABUNIAAALIIAY
wazndnnonamanilovsnawiamslaomaam:zi [14] fnsa:msIvAfnangisenndesiv
NAMSANE WA AR RENALANN TONABUASANIRILIUULIZAM [29] Wonanil e HC-CFST
uazts) PC-CFST wnsmetsimenaniluuiuniinnd 30 mm vsemsulanuiinnunsondson
(Compressive Strain) 111131 0.040 mm/mm (4.0 %) Fo¥sd31 1 HC-CFST uazta1 PC-CEST
sunsadsuulasgUsisdeumsitaldgadedisuiuimaeunimasuman [20]

HC-CFST-25-6.0

(9) &1 PC-CFST
JUN 4 [ABUMIIVATDILE
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2. ussdngugaLasilIeutneuAUaNMIIEdesTnaY

HAMINATBULIIBAFIgABBIE1 HC-CFST uaztd1 PC-CFST melaussdnluuniunu
a7 2 Mnualinssongegn (Maximum Load) #eoid1 HC-CFST uasten PC-CEST ﬁaﬂqﬂu 28
ez 90 Ju WHFUSNBOITN Poyosp W8T Pryws 90mM3107 2 Winld diovewmaniinnuvuniadu
usoBAgIgATaoE HC-CFST uazian PC-CFST fimgedu asannomaniduisananlumssuuse
wazAUANMITATOE [8], [27] wena i1 PC-CFST fiusedagoaniienguy 28 u gandua
HC-CFST 3z 1-2 % aonndesiunanageuidssuusidnzasheuninfomod 1 Tnepaun3n
i pC fimdsdnuszdugonireuniaild HC dntien eegndlsfms fimavn 90 Ju w HC-CFST
sansasuussdngoaaldinnniue PC-CEST flasanmeuniaili HC fidunauzesianvedloau
NAUNUM I HuLR donalvinaun3nild HC ﬁﬁﬁﬁﬁmwﬂﬁﬂgﬁuﬁmqﬁu 90 Ju [17]

AN 2 WIIDAFIFALAZLIIDA LLULLILNNIZUIINENNTOBALUY

Group Specimen Binder Je ! Fieszso Fussop Fracr

(MPa) (mm) (kN) (kN) (kN)

HC-CFST-18-3.0 HC 18 3.0 685.8 714.2 650.5
HC-CFST-18-4.5 HC 18 4.5 918.5 946.1 879.2
HC-CFST-18-6.0 HC 18 6.0 1,165.7 1196.9 1,109.8
HC-CFST-25-3.0 HC 25 3.0 742.2 771.8 708.9

1 HC-CFST-25-4.5 HC 25 4.5 980.9 1004.8 934.1
HC-CFST-25-6.0 HC 25 6.0 1,233.8 1279.3 1,161.3

HC-CFST-32-3.0 HC 32 3.0 821.8 869.5 782.5
HC-CFST-32-4.5 HC 32 4.5 1,032.8 1080.4 1,003.3
HC-CFST-32-6.0 HC 32 6.0 1,263.0 1308.0 1,226.3

PC-CFST-18-3.0 PC 18 3.0 693.5 704.3 655.5
PC-CFST-18-4.5 PC 18 4.5 924.5 942.3 884.0
PC-CFST-18-6.0 PC 18 6.0 1,170.5 1188.0 1,114.3
PC-CFST-25-3.0 PC 25 3.0 748.7 767.9 711.4

2 PC-CFST-25-4.5 PC 25 4.5 989.8 996.8 936.5
PC-CFST-25-6.0 PC 25 6.0 1,243.1 1250.4 1,163.6
PC-CFST-32-3.0 PC 32 3.0 829.9 850.5 785.9
PC-CFST-32-4.5 PC 32 4.5 1,038.7 1069.8 1,006.5
PC-CFST-32-6.0 PC 32 6.0 1,275.1 1300.5 1,229.3

3. WisuineuusvaAgugANUENMIIE LTI IENoY
dmsumaSouiisuussdngegaiilinnmsnageniar HC-CFST uazta1 PC-CFST iy
AUMTOBAUULEIMNINATEIN ACT 318 [30] luiesAuauufliian HC-CFST uazign PC-CFST
fUgduiused1anysal (Full Interaction) :wIlgunuAsUNIAUazNBmanMelanssdn Tnausidn
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Abstract

The objective of this research was to study the reinforced masonry walls with bamboo under
the pendulum test. A total of 6 samples of masonry walls were tested, with an average size of
600 x 600 mm, consisting of 1) non-plastered Mon brick wall (CT1), 2) plastered Mon
brick wall (CT2), 3) reinforced masonry wall with bamboo at a distance of 50 mm (W1), 4)
reinforced masonry wall with bamboo at a distance of 100 mm (W2), 5) reinforced masonry
wall with bamboo at a distance of 150 mm (W3), and reinforced masonry wall with bamboo
at a distance of 200 mm (W4). Assessments were performed using the pendulum test with
application angles ranging from 5 to 90 degrees. The results found that samples CT1, CT2,
W1, W2, W3 and W4 had impact load values of 9.04, 21.33, 39.2, 34.28, 26.92, and
25.01 N.m, respectively. For the control sample CT2, it was shown that plastering the
masonry wall resulted in a 2.36 times higher impact load when compared with sample CT1.
In addition, when comparing the masonry wall samples reinforced with bamboo at a distance
of 50 to 200 mm with the CT2 sample, it was found that walls W1, W2, W3, and W4 had
1.83, 1.61, 1.26, and 1.17 times higher impact load, respectively. Thus, it can be concluded
that reinforcement using the reinforced masonry walls with bamboo significantly increased
the impact load.

Keywords: Bamboo; Masonry; Pendulum Test
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Abstract

An Optimization in the coating thermistor sensors using the principle DMAIC. have objective
In order to Optimization the coating of the thermistor sensor surface using the principle
DMAIC. By improving the working method according to the DMAIC principle, it was found
that the amount of coating solution used was too much left over from the container used
to hold the dipping solution. So a new design was made.The research found that A new tray
with a volume of 170,100 cubic millimeters. 200.20 grams of coating solution. The change
of container size caused the coating to decrease by 30 % usage73.63 grams of coating per
1,000 pieces. Design Simulate find Optimization value the break-even point is 3,600 pieces,
30 times. The amount of coating used is 465.40 grams coating 56.98 %. The use of 93,427coatings
was 8,335.13 grams using coatings of 5,732.53 grams or 68.71 % of coatings compared
with 47.67 % of coatings. The difference was 21.04 %. The optimal formulation was Z min =
200.20 + 8.84X.

Keywords: Optimization Value; DMAIC Process; Thermistor Sensors
N
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2. tumeu Measure
TuAT:UIUMS Measure Wiumsindeyaiiiususmdeyalumsnmside mszi fms
\fiusIusandeyatuiinnuianaafazdonaligaussaoanasl lunsidelinsomuidmual inoums
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MIWN 1 oYaMINANTUEILBIRNNIBTNETII N3NHIAN W.A. 2563 fu AWIAN W.A. 2564

Lhiou Tusuinan(i) FusnlAnmA (@) SGULE
nINGHIAN 93,354 93,236 99.87
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Wqﬁ%mﬂu 89,061 89,061 100.00
5UAY 120,840 120,840 100.00
UNIIAU 67,938 67,938 100.00
NUAAUS 105,592 105,592 100.00
nuAN 102,984 102,088 99.13
37U 974,633 973,619 99.88
Aade 108,293 108,180 99.88
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Funuldnmnin 198, 087 3u Seuazoud 100.00 Lmaqummﬂuﬂumuwammmm 89,061 fu
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67,938 T Soumzoun 100.00 Lﬁauqumﬁuﬁ’%yumuwﬁmﬁﬂwm 105,592 %"umulﬁammw 105,592
Seunzoud 100.00 iWeufimiAndunundnnomun 102,984 du Funuldamam 102,088 Ju
SeunzuA 99.13 wwamwawumluﬂaamauﬂiﬂgmu WA, 2563 BENAL WAL 2564 WUT BUNUKER
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3. ‘tluﬂﬂu Analyze

TuAT:UIWMS Analyze ifutureuMITATERAUMEIAZDTLMTARTY uRzMIAUM
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wnnszumaden TasAnnamafvieyamslivinanheiliniey Tnoenifeungaimen
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6 6,996 1,080 522 558 48.33
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422  msvnaesldou
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MIWN 4 MInARdARBURI A lnl

e qimagﬁumu ﬁ1ﬂwgﬂ§?uﬁowuﬂ ﬁmlﬁ’l{i ﬁmn’imﬁa
(1) (nsx) (nsw) (nsx)
1 120 200.20 8.84 191.36
2 120 200.20 8.85 191.35
3 120 200.20 8.85 191.35
4 120 200.20 8.84 191.36
5 120 200.20 8.85 191.35
6 120 200.20 8.84 191.36
7 120 200.20 8.84 191.36
8 120 200.20 8.84 191.36
9 120 200.20 8.84 191.36
10 120 200.20 8.84 191.36
U 1,200 279.79 88.43 191.36
A 120 200.20 8.84 191.357
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M7 4 wu mslihenaieuiatumusuau 1,200 3u ey
88.43 n3u v 191.36 nsu fe mslithouadevimeminlinsiunmsimhenaieuRiwaa:sou
WD 8.84 nu st lunmaaeslinumuasola

MseanuuuimasmAzRugalunsnandudiudidinnseding
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(7w) (A39) (n9w)

1 120 1 200.20 4.42

2 240 2 209.04 8.46

3 360 3 217.88 12.17

4 480 4 226.72 15.60

5 600 5 235.56 18.76

6 720 6 244.40 21.70

7 840 7 253.24 24.44

8 960 8 262.08 26.98

9 1,080 9 270.92 29.37
10 1,200 10 279.76 31.60
11 2,400 20 368.16 48.02
12 3,600 30 456.56 58.09
13 6,000 50 633.36 69.79
14 12,000 100 1,075.36 82.21
33U 30,600 255 4,933.24 451.61
Minde 2,186 18 352.37 32.26
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il 82.21 whdoyanlAluiueduims anAunuaLi 3,600 U qu 30 A%e Usmnanheuafeviaald
456,56 n3u Souazhnafeviaflisena: 58.00 JoldhmsoudAlumahnuiAeummeuse
5. tumeu Control
Tuguneu Control usumeumsmvanaualilidymalasumsudloduiniudn Tﬂﬂms
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MIWN 6 WAMSI LN NARDURILADULLBILU W.F. 2564

L d 4 M3 WenaReuild  wenaseuwmun  Seeaznenild
AFIN FUITUNHIA 2" [/ o o

(7u) (A5v9) (n3x) (n3x)
1 6,913 58 424.17 624.37 67.94
2 7,218 60 442 .88 643.08 68.87
3 7,536 63 462.40 662.60 69.79
4 6,921 58 424.66 624.86 67.96
5 7,057 59 433.01 633.21 68.38
6 6,996 58 429.26 629.46 68.20
7 6,819 57 418.40 618.60 67.64
8 6,859 57 420.86 621.06 67.76
9 6,671 56 409.32 609.52 67.15
10 8,094 67 496.63 696.83 71.27
11 6,672 56 409.38 609.58 67.16
12 8,079 67 495.71 695.91 71.23
13 7,592 63 465.83 666.03 69.94
94 93,427 779 5,732.53 8,335.13 68.71
F]"ILQ’SEI 7,187 60 441 641 68.71

NAMTNA 6 wEATTIWINMTIATETeRRINMAUTayaemUTIN
e ldlumswaniudiudiannseiing (Huwges wmesiawmed) lanamsliiienaseviien
e WA 2564 lamawnan 13 ASs s1uau 93,427 3w WuSmanihenaseuiald 8,335.13 n3u
TneliinRouin 5,732.53 asu Andudesazmslihenaseuindesa: 68.71 Wommsmmiaauus,
NAFIWIU 13 A0 Iwaudue 7,1871 1w TiSuanhennaeuinmmunly 641 asu Taelily 441 a3y
AnuSesa:mslihenaiovindena: 68.71

d3UNaNIINIAReY

1. msldhenasouin
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833513 n3u Iaelfiadeu 573253 niu Wemmsmmmaeus liSmanhenareuioll 641 n3u
Tneliimaeviall 441 n3u Amdufesarmslihonaieuin Seuas 68.71 Wismmsiiisuiumsneu
Tuthongrdmen 7 wa. 2563 fildlihenaieviniess: 47.67 limslihenadeviainiuiosa:
6871 Amuuanmegisess: 21.04 wandlidiuhouddeimmnsammmnzaniigalunsnantusiu
Siannseiing (Gwwes wesiawes) lfedfivsansmwivodsenliimanns DMAIC [16]
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MIMANRENNgAluMIHAnTUEIUBIaNNIolng (1 Tuiges tastames) Tunssuiums
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g9 Zmin = 200.20 + 8.84X
dio Zmin = ﬁhmmzammﬁwmﬁﬁaaﬁqﬂ
20020 = SwautAs
884 = USmamhenaiev/smandueu 120 du
X = 9IUIUIOV
PN 3,600 U 93 30 asa liUSmanheninansiod
Zmin = 200.20 + 8.84(30)
= 200.20 + 265.20
= 465.40

Sovazhendld = 56,98 Wadisudumslihofiiunegisesa: 47.67
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wesianed) agi 3,600 Fudamsdn 30 ase alAlhiheuaRoviiAusesa: 50 agiisesa: 56.98
dlewfisuiumslihefiniumnedsesn: 47.67

References

[1]  Jamfa, A. (2020). Industry Electrical Appliances and Electronics Faced with the Economic
Crisis. Access (30 August 2021). Available (https://shorturl.asia/TJ3jf)

[2]  Lopsoonthorn, U. (2016). Reducing Waste in the Process of Assembling Electronic Circuits Onto
PCB Boards. By Application of Experimental Design, Master of Engineering Thesis Department
of Industrial Engineering, Faculty of Engineering Rajamangala University of Technology Thanyaburi

[3] Government Savings Bank. (2019). Industry Electrical Appliances and Electronics. Access
(30 August 2021). Available (https://shorturl.asia/SMdmS)

99
https://ph01.tci-thaijo.org/index.php/rmutijo/index



NsmsuImuInmansaneln uazmsldds:lomiuinnssumalulad U9 16 a0u7 3 (Tueeu - 5WIAN 2566)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal) Vol. 16, No. 3, (September - December 2023)

[4] M Report Co., Ltd.. (2021). 314-Electronics-Industry. Access (30 August 2021). Available
(https://shorturl.asia/5D73L)

[5]  White Rungroj, S., and Kuptansathian, N. (2013). Productivity Improvement of Electronics Part by
Using DMAIC Technique A Case Study of Printed Circuit Board Assembly Manufactoring.
Journal of Engineering, RMUTT. Vol. 11, Issue 1, pp. 23-36

[6] Nakvachiratrakul, C., Pipatpanyanukul, K., Sukhasem, R., and Chankham, M. (2018).
Implementing the DMAIC for Defect Reduction in the Aircraft Parts Manufacturing. In Industrial
Engineering Network Academic Conference 2018. Department of Industrial Engineering
Faculty of Engineering Ubon Ratchathani University 23-26 July 2018 Ubon Ratchathani.
pp. 227-231

[7]1  Chayut, B. and Jenjira, S. (2018). The Implementation of DMAIC for Shortening Inspection
Time of Vehicle Inspection Department: A Case Study of An Automobile Factory in Rayong
Province. Journal of Engineering and Innovation. Vol. 15, Issue 4, pp. 62-74

[8] Tirasakon, K. and Roninthon, K. (2016). Reduce Waste from the Manufacture of Sausage with the
Application DMAIC Case Study: Food Industry. Journal of Industrial Technology. Vol. 11,
No. 2, pp. 77-83

[9] Panoram, A. (2017). Defect Reduction for Optical Transceivers Manufacturing Process by
DMAIC Method. Master of Engineering Thesis Department of Industrial Engineering, Faculty
of Engineering Thammasat University

[10] Mananuam, P. (2020). Defect Reduction for Transmitter Optical Sub-Assembly Manufacturing
Process by DMAIC Method. Master of Engineering Thesis Department of Industrial Engineering,
Faculty of Engineering Thammasat University

[11] Phinij, K. and Wichuta, N. (2017). Operational Management Affecting Operational Efficiency
of Production Industry Small and Medium Enterprises in Pathum Thani Province. Access
(30 August 2021). Available (https://app.northbkk.ac.th/research /?news=research&id=000434)

[12] Kaewyindee, W. (2019). Defect Reduction of Dyeing and Finishing Process in the Sample
Factory by DMAIC. Master of Engineering Thesis in Industrial Engineering, Graduate School,
Silpakorn University

[13] Ismail, A. S. S., As'arry, A., Sapuan, S. M., and Tarique, J. (2023). Improvement of Plastic
Manufacturing Processes by Six Sigma and DMAIC Methods. Applied Science and Engineering
Progress. Vol. 16, No 3, (Special Issue) pp. 1-12. DOI: 10.14416/j.asep.2023.04.003

[14] Yamane, T. (1973). Statistics: An Introductory Analysis. Tokyo: Harper International Edition

[15] Sornnarindra, S. (2018). Reduction of Sewing Thread Stock by DMAIC Concept in Garment
Industry. Master of Engineering Thesis in Industrial and Logistics Engineering Management,
Graduate School, Khon Kaen University

[16] Meesa, B., Pinthong, J., Phalasak, N., and Karatpong, E. (2016) Reducing of Waste in
Manufacturing Process of Electronic Sheets (PCB Board) using DMAIC. Academic Journal
Uttaradit Rajabhat University. Vol. 11, Issue 2, pp. 148-158

100
ISSN 3027-6756 (Online)



RMUTI Journal



svuuilniu paper
>

Author ds paper (pdfword)

. & %y
‘ Admin ﬂi'ﬁ]ﬂﬂuWaVI'VEULLUU/ﬂ'J'WQJWJOU ‘

walagUszanm

Admin w3 Author

Llaysiliidngnszuaumsinsan

Ed. Triudly
& & v
viloviasdu

Author wilvnelu 1 o
(szuudund Ty Admin)

‘ Admin dwlsdeudenisuunanaiteinnsan ‘

v

‘ Ed./Asst. Ed. @331 Reviewer ‘

v

Admin finsie Reviewer musetio/Bud/uasinse

uagtlsdoidgymediud

v

‘ Reviewer #1504 1UMAM ‘

v

‘ Admin ATIRABURANTTATNTRN ‘

No
‘ Admin defainsaluazdoiauouuslf Author ‘ v
|
? Admin SUsIHHANSR9NSEN

(AruuezuumsUsziiy)

‘ Author uflunelu 15 $u @slvid pdf, word) ‘

v v

‘ Admin asanasunsuiludesiu / dindu Reviewer / Asst. Ed. ‘ 6, R R Y AR RS TR

v

Admin udawansiiansan Author

Reviewer / Asst. Ed.

Admin wianalugs Author

v

wiuaunsuily

Admin viiuiinuds Author
HAN1IATAUUNIAIY

o

Author uily 7 Tu
Admin uda Author uily

Author wily 7 3u

Admin dnuseuduatiy

Author AIIIAUGNAD;

Admin uia Author No
Usuudle

A

vaualty

Ed. AmanNagndod
wesualiy

Admin udsran1siansanuagnsainsandn

Author aiinsantn

(FC: Pay In)

Admin devilsdesuses Admin FuTIwduRly [T

nsRLT ddlsefiai AwfmuA

> end

59U

w
2¢

— Pt ——»

30 - 45

w
2e

— P>

15-30 9y

> <




NITINNIEMUINNAEATENSINN LaznsldUslavuuinnssumalulag
Research on Modern science and Utilizing Technological
Innovation Journal (RMUTI Journal)

1. UssANDesLnANUNRANN
1.1 unAnw3se (Research article) 1nunanuilinnouide
1.2 unANE3TIM3 (Academic article) uunanuifidneacaoil
1. WuunAanuanmanumuenss doduramanmsidonais q ase deduunanuid
anusdaiuedobs
2. WuUNANMNUIEUDATIUIUMTIUMIAAMINAAA MY MsnadeumAsy  saulue
WATAMITAATIEAINY 9
3. WluumAnuinandszaumsal uiennuduyBesHLdey
4. Wuunenudeaiuulemeduie § geomiiesu

2. JUMUUMSTNNUNAIY

MIAIAATINTZATH
S H U (o))
20UUY (Top Margin) 2.5 9. #aU19 (Bottom Margin) 2.5 9.
20027 (Right Margin) 2.5 ou. poude (Left Margin) 2.5 9.

- SIWUTIVIA 1 M
- gUuuumsnes unANuMingld TH SarabunPSK
unANNMdungeld  Times New Roman
- mstewin 7 fMdnus ANiAN 8
- U 12 win waldmsia 15 win
- Founanu Mmwlng  BUIAAIGNET 24 AN
MBINGY VUIAMIBAET 20 AN
- Tefideu mwmlng  swIAMdnes 18 uazdndndie
MDINGE TUINAIDNYT 14 uazandndIe
- AIATEN (ARTNBWINENR)  BUIAAIBNYT 18
- o mwlng TUIAMIBAYT 14
MYDINg Y URzM 00N 10
- FewaSemmanluunAany Wy “unAnde” “AE@An” “I5Andums” “wamsise”
“FIUNANSIY” “ARANIINUITMA” “lans1901989” InTADINNTNTIAE
AINIUNANUNB N PUIAAIDNYT 20 AINU
ATMUNANUNBIDING PUIAAIDNET 16 AINUI
- Fewusesses dndathenthnszae
AIIUNANUAB N PUIAAIDNYT 16 AINU
ATUUNANUNBIDING PUIAAIDNET 12 AINUI
- flewilusudg q uazAsA
AIAUNANUA N PUIAAIDNYI 16
AIDIUNAMIUAIBIDING PUIAAIDNBT 12



- Homa
nsdunanuawlng deanu “mewn x7 Hunadenes 16 M Nomuuy
Fndhenthnszay mufmeTemaeiidumsnysoun 16 lainun
ATAUNANUMBIDINGE ToA1U “Table x” ldauiAmones 12 MBWI M9AUUL
Inthenthnazmy mufmedemaeiiduimsnssoun 12 linun
- ?‘mgﬂmw
Asdiunanummlng feru “qURt x7 ldvwiaddaes 16 dmn emua
dndndheningzme mudsmieguiiumsnysaun 16 linn
ATAUNANUMBIDINGE ToA1N “Figure x” 1do11AR10n19 12 fI%AU1 19U
dntahenthngzmy mumemdoguidumsnemng 12 livn

3. ulssnouTeIUNANNLARZUILAN
3.1 wnANadde :Usznovulunie
. sl

1. feuwAnu (Title) mmlnsuazmmdsnge Asnszinsn ldernduly unanw
mwlnedeiSesfesiinumelnous:mmdongy unanumwsinguleseslifosinming

2. Hofiau (Authors) Fouin - wwanawin vesddeunnau Tnglineazdonsudrin
soafBenl s sinaogasemminusn wiennaszyTofideulszaumu (Corresponding Author) AI8m33:y
wosnsfm waz E-mail Address fisnmnsoinseld uaslildnsommenendunimenmiulireiemnyans
uaziuanen Wideuliremewmans ieszulioguesiiau

3. unfnge (Abstract) AITHL ATIUTEAL AsBuAguENITfIABIMsAnm Uszneaulume
Wom Wiud Inauszaod 33ms wamsIde wazmseAusiewa Wuiu Taedeuaslu 1 denth Sunanu
Humwlng wfesfiundagemulng 1 genth wazmwidonge 1 denth Tnelimwilnetudey dWeanu
TuunArgamm lneua:MHIBINgBADINANNANIBIALINY  ANNENITOIUNANSDMENOINYY  ANUALAL

ANue13laliiy 300 M

4. mady (Key Words) ihumsimmunmdniaunsaliliiumivimlusuugiuioys
maduunanumulnedesimdiy 2 mw Aemwlnouszmmdonguifinnunmnenssiy §aunsdl
waawmmmmé'ﬂﬂqﬂﬁﬁLﬁﬂa?hf\hﬁ'fy‘lu';;ﬂuuumma"aﬂqmvhﬁu smaumsAnimmualidmasfals
otNodos 3 A wAldAu 5 M

=y : emsinazaedoulvedlunszmueaiuau 1 ni i

2. shuiflom

1. unu1 (Introduction) Lﬁ'aa%mﬂﬁﬂmmdwﬁfyﬂaaﬂfym uaIngUsrNIATBINIITY
FIFIMINUMIUITIUNTIN UazenasMieITos

2. 7an gunsal uazisn1s (Materials and Methods) / 35A1L11un13398 (Research
Methodology) o5u1ain3aviiouazismasiiumsiselidaau

3. wams3398 (Results) (duonanIsnaaosatsinEy AsUsAu AIIRFUMNLR: /130
madazneumassenalumaouazgUam fechidideudy sumwuazmmssasunAnuidunmlng
Trusseedunmwlne Ummuazmsesesunanuidunmangy Wussmedummsongy

4. msodusewn  (Discussion) (umssAusonamside e WReuiinTaLARDEAY
WewSeudisuiunansidesesiou  wiowaaueuuimeiailulivs:Toninamsidoua:mseiunens
(Results and Discussion) 8191h1u113suAUAEINULA



5. unsgl (Conclusion) a3UUsstAY uazaszdAY0IN13I98
6. AnAnsauUsznA (Acknowledgements) (audAIATINTBUAMLIR AN IBWRE
Tums39p enedinselusinla
7. tonssendy (References) ifusiemansanignenslilusdiusenilades el
nanlumsfuaiiide  Suuenmsithndedoneninedeeiisiunseiuiignasdeliluduzenilodes
fusngluumenueiniy - msdadedisemussumsssaduiiemiagliaiesluuumsidouenasenids
PNIMINTENT uns Bau dmua uszdoodeulugUuuunnanguymiu
3.2 wnAnadTims azdsznaulyme
. suin
fidmuszneumiionunanuide uandoulieglunszmy S 1 wih winiu
9. shuilem

1. w1 (Introduction) Lﬂudauﬂaﬂﬁ'mﬂaogamﬂﬂaﬂmsﬁﬂuuwmm

2. 3smsfne/AsAaniiuns (Method) (613) Wunseduedsmsinm nsemaAniums
MULITANTDIUNANNITINS

3. Wamsfne/wamsmiums (Results) Wumsiduenasenodaen  mudsaaulagainu
muTdeiAnwmIoAiuns

4. w1 (Conclusion) aUUszAu uazsszshAgilAanmsanm

5. 1ona1391989 (References) ld3Uuuuiinsmsimun semsmssnddendoulu
UL EIN gAY

4. msowdsensslutioSoovesunanu (In-text Citations)

maewanionasluiie@edlizuuuy IEEE szuusiay (Numerical System) whiiu Taasiams
Srodutenanslidnintientinsme  nunglmosIAUTestena138108 A3 BInINB A UATEUE A B
megiou [1] Wuau madumsesdoensisnameatulunanieiny TildnunomassduSasmuainu
ndesldmunn wu [1] - [3] wie [1]1-12], [5] Wunu

mstBausienmstons15a19dy (Reference List)
1) widvie
[X]  Fusis. @iifin). Jewtdie. ASoRfuni). Wesiifind: duinfing
F0ENILTY
[1]  Herren, Ray V. (1994). The Science of Animal Agriculture. Albany, N.Y.: Delmar Publishers
2) wivdeuls
[X]  Ausis. @Rfiun). deiFesvesiivieuta wann@edeslumuiin). Tae Tegula. ASoRRNRET).
dlooffiam: dninfis
FBLLTY
[2]  Grmek, Mirko D. (1990). History of AIDS : Emerging and Origin of a Modern Pandemic.
Translated by Russell C. Maulitz, and Jacalyn Duffin. Princeton, N.J.: University Press
3)  unANUBIELYLUIIND
[X]  fideuunan. @ified). Tounany. TeFes. Foussansmendedsausin@ni. win wonh. anuaiam;
fInNUN
FaLLTUY
[3] McTaggart, J. M. E. (1993). The Unreality of Time. Philosophy of Time. Robin Le Poidevin, and
Murray MacBeath, eds. pp. 23-34. Oxford: Oxford University Press



4)  wnAnlunilsdes1BeUITTNNITINS /FUNUIITING
X ddeuunanu. @Rfu). dounany. dovssansma@i). JeFosnenumstssgy, wih wonih,
gouiifian: sninfiud
F0EILTY
[4] Beales, P. F. (1980). The Status of Malaria in Southeast Asia. Proceedings of the Third Asian
Congress of Pediatrics. Aree Valyasevi, and Vidhaya Mekanandha, eds. pp. 52-58. Bangkok:
Bangkok Medical Publisher
5 9819
[X]  AdouunA. (ninn). Tounanu. Jensans. 1., atiuf., wih @onih. (in Thai)/DOI:
F0ENILTY
[5]  Vitsanusat, A. and Phachirarat, S. (2015). Measurement of Radon in Drinking Water at Amphur
Meaung, Khonkhaen Province with lonization chamber. RMUTI Journal Science and
Technology. Vol. 8, No. 2, pp. 12-20
6) unanulunilsieiun
[X]  Hefideu. @. Ju. dew). Teunanw. lu Jewisiedun. wih wonth

e RERNIST!
[6]  Vitit Muntarbhorn. (1994. 21. March). The Sale of Children as a Global Dilemma. Bangkok
Post. p. 4

7)  unANNlUEIIIYNIH
[X]  Dofdouunanm. @), Tounana. . Tosamnsy. @ui: wih wenh-aomin
MeL1oLty
[71  Morrow, Blaine Victor. (1993). Standards for CD-Rom Retrieval. Encyclopedia of Library and
Information Science. Vol. 51, pp. 380-389
8) Ameniinus
[X]  Adeuinediinus. @aRu). doiveniinug. ssavineniinug femo Aoz uminends
FaLLtY
[8]  Phillips, O. C., Jr. (1962). The Indfluence of Ovidd on Lucan’s Bellum Civil. Ph.D. Dissertation
University of Chicago
9) Hedianlnsiing (Hedidnlnsing) : www
[X]  fdeu. 1. Feunanw. Tensmaviednems. TicReunioativi): wanh@hil). Whinde (u e
Undutoyn). Whisldan (feguesunanumiefediinnseding URL)
FaLLTY
[9] Department of the Environment and Heritage. (1999). Guide to Department and Agency
Libraries. Access (17 November 2000). Available (http://www.erin.gov.au/library/guide.html)
10) AuAsunes
[X]  Fewhoou. @i, Temiie wui@@id). aseiRuR@E). desifiun: sinfiun
e RERNIET!
[10] Prince of Songkla University. (2009). Annual Report 2008. Songkhla: Prince of Songkla University
11) ﬁmm:?'lamimﬁmﬂfﬂu{{imiw
[X]  Toussansms wEeRsiusia verSouiSes. (i) Towisie. Wuil (M) ASITIANAENL) Weslifam:
1IN
Mad1oLTu
[11] Rueangwit Limpanat. (2000). Local - India. Chonburi: Department of History Faculty of

Humanities And social science Burapa university



5. ?;‘ULmumﬂﬁigﬂmwluLﬁamwmm
1 Fogumwinsdusuiiemd “usng”
2 quamd

3) odmeglam Wdeulilisuamusazsunw Tnednguamlitonamihnszme uazAesue

Unniuanoneedifesuieeg ludenunanunimsszydsgunnin 1

InTAteningzmy
1) deeoguamieniulnaiiinuans jpg, png, Lff w30 eps Wil Anuaz@onlsimnd 300 dpi
5 meduivnnguugamdesianuandn nsdidugnsn fesszuTeunuma q Wasuim
6) nsdindigunmdes  msdalisuamebesnmunegluninfeaiy  dmsuunanummlng
Tdeumussndlfiogtenusazgy uazmmunmAuzasgUn e fMethouu

(n) guUeReM 1 ORERE
JUN 1T MegumageumeduiagUam

§MTVUNANUMBIBINGE MlEdnss (a), (b),... unumsimuAgMngas
7)  msusszussin AougUmm Wi 1 usein uasmdsnndegtamm i 1 ussin
8) mslinmd enwiliAneumsnn  uAldmisfimsteanunensdiaimsiafiaiionss
wovzmsdeligeummsndilald  asdndunsmiasimundnsasduiivanmeiy  deldamnsailals
lefmadnfiuiuuDa1 - /1
9)  vwavasyUreslilnaiiuaiianunhssemmihnszmuadmuali
10) madumsdnsengUamenandiau fideunsimssedsunasiinnlignies

6. sUnuumslamswluiiomunanm

1) Famaenuiususiomd “ugng”

2)  mwiuansdesimesueegluiomunanuiingsyfamaeiu

3)  mesviems dsulimuousesmsis IneanmesuisliTnveumudesesmnnszme uas
metioaainszmy  msdademmadleguunmindei  sdiimaedinnueifiuninszag
Wilddemang “mswnx ......... “ Vishuuuzesmaluniusn ualddomsns “msfix ......... (na)”
Vimuuusasmselunindnly

4 wmazesmaseclilnaiiuananunsesmnasmenimmuals

5) maduszezussin neuflemans Wi 1 ussin uazndsiugamse Wiu 1 ussin

6) MIMAUARUTEUM T TRMALARWILEUMULY LRZAURIIDBIUTINA AYAIDEs

MW 1 A8 IHLTUIMITII

Table Column Head

Table Head
Subhead (unit) Subhead (unit)

XXX 123 456
XXX 321 654




7. suuvumslaaumsluiiomunanu
1 dnundsesaumslifenaomihnszay
2)  dunanmsmelusunsu MathType Togld3Uuvnaiones Times New Roman au1n 11
3)  ssywsaAuanmalaadoul Ty InMuniausunMsIngNIeMIINgIAY 1y

y=ax+b D

4)  naagumaneedimsandsluien WsrywouandonliluioRy WwRoinundagluauns
5)  MSVIUTIHZUIINA NOUFNNST WU 1 UFINA LRNAsENMS WU 1 U5I9A

8. MIAIUIUTBINBIVITUIZAT

D nounanudidodnnsins  Aessruszuuoeulaiifl  hitps:/pho].tei-thaijo.org/index.php/
rmutijo/index

2) unAnufignaodIgaszuy  nesussansmsszinsanunanudosiuieaiuanmugndies
googtuuumll  unpnaillimidumsmusUuuuimueesiudingnssnumsivsanlaeinssnand  ua:

azdonduidiomsudle Aoy WeliAnanusasluignszuumsinsane fdsunsduiumsin
snsnslignAesmusUuuuiiimunegionsonsa

3) deunanuiumsinsaliaiiaclunsms  uesideulddiiumsdnnieuensame
aggnAes  AsumumMudaimuaresnsasiduiGouiesusy  MdsuszlAsumisiesusasmaninmg
unANuieum sty

4 wAmesssATIINUTunANaigaaniundinfnaen uieweunsluion 9 neunth
nIaumIAIduMmIla 9 suillunisnszyifiinesseinssaesindds mensmssdfiumyimueie
wisludamhenuiudoin  uazsziumsiinsanuazsuunanuanfidsuunanuiuiuszeznmedoios
51



ANBYLRYDENITN

@EwsuLamin)

LL‘IJ‘IJWi’Ji‘JJﬂ’Ii’sii\TUVIﬂ’J’ISJ

NsssITemuInmansadelnl uazmsldvssleguuinnssumalulad
Research on Modern science and Utilizing Technological Innovation Journal

(RMUTT Journal)
FUI e
I (B /TN /HI0TID) oot
FEAUMTANBIGIFA .o FAUINIIIUINT et
TIU BT oot e,

AOYREIHITARAADLATERTN oo et oo oo e e e e e e
TRTANT e ITEVT oo TRUAY e
[ 11 B O
vody  [] unenwdds [ unanndmims

MPOIUNANN  (ATMRDN)

] Chemistry [] Engineering ] Materials Science

] Environmental Science ] Mathematics

TOUNMAIIN (MM ..o
(GBI Ti 131 IR P P T TP PP P PP PP PP PP PPPPPPPPPRPPON



I
Ao

valmuBdaRNsIAAnAINiANNTmITglum e Izes

nBLA

1. fmasnandifeoimuwmiomeinms s:/u wa. ul wIesumsAnmszAvUGyaen uazsesl
AINANUIBIUABINUHU IS

2. ﬂa\mﬁfuﬁnﬁﬂﬂﬂﬂuﬁmﬁmﬁLﬂuéﬁm'izmﬁmﬁaﬂﬁ:miﬂ@mgaﬁtﬁaﬁﬁmmwamum\ﬁmmi

3. WwesunAmnuimumsfinsalinnuiaclunsms afossinssndnmsans ung. i aghories 1 1
oidumstudumsAiniunanuadlunsms

A sunuuazduAljuamuseulauazdeduan q luwouWesuuuume  Juiseacidun

oty “Munzdsn” MMeneussansnsnsas RMUTI Journal lamvunzy wazdudlvnoussansmsians

fazlisuRansan mnlidagluuumuidmun dusenliianslumsidensssminaunseslnedasiienaism
Funtuidmd (uazfurssin) don Busenlinesussandmsmmsansiuilafuatiuinarlimuiiuaunis
wazimd1 “pesusesdn unanwilbiveasAdnilunsmslanden liegsmiemsfinganannsmsay ua:
fusennunAnuiAiniaslunsninms wminedumaluladnousaadsu  doidufsandzosnminmae
walulagingunadaIn”
mniwinfinnudszasdlumssesnidnmsinsanunanamdsnniuildsumisiedudunssuunany

nBuASURATaumLzsluMIMENNUININENaE 4 AIUMIMUATEUINTRNBIUTIANEMINTES RMUTI

Journal muhaeade




WA UTDIMIANUNUNAY

NITINNIEMUINNAMEATENSINN Laznslddslavuuinnssumalulag
Research on Modern science and Utilizing Technological Innovation Journal
(RMUTI Journal)

DOTUTDITUNADIN oo
15009

Tne

TAHuMsUsAdiuaINAMEATSUIMIAMIInIARTANI T2y
URZINDINANINARIVTITUIIUIU o N
wuuinsenadiuazfunslinuieduuaziu (double-blind review)
uazANNWluNIEsIsemMUInemandsilng wazmsldds:legduinnssumalulag
Research on Modern science and Utilizing Technological Innovation Journal

(RMUTI Journal)

U5515mM 5915615 RMUTI Journal

WMINRLINA I RE T TNIARDEIY



NN IUTUNITADUUNANIY

NIINWITeMUINERTENlnd uaznslddssloniuinnssumalulag
Research on Modern science and Utilizing Technological Innovation Journal
(RMUTI Journal)

WA (W /TN /HNIEND) e e

Alagazangsnsd’s RMUTI Journal WI0UN .oovveene oo, LRz EUEDNIURATBY
A ldanelumsAaniiumsmunszuiumseednsass RMUTI Journal tdusmamidy oo UM
(et ) Tnphassurnumetdnesyuaiuayum e swmngilneg

@11.malulagNgusradan uAITITEN JeUnd “nounuanuaduIsITe unsdan” Duleeuning

18 980-9-74231-2

MW NIANEINANFINAITITIEULR NI UTUNMTARULNANY HITIUNITouacWmuIN E-mail :
rmuti journal@gmail.com WieuBouTe-wmana AdaEy  deyamsthszina:inasuys Weneses

TafimInasoueNEIIMY 9 8819NABILAILNITY



3
&/

RMUTI

s1dU9Aasdu



==

.
oooooooooooo o 90 o e o oy e o

e \Q

RMUTI Journal

Science and Technology

A ISSN: 3027-6756 (Online)

Vol. 16 No. 3 September-December 202

Institute of Research and Development
Rajamangala University of Technology Isan

744 Suranarai Road, Meuang, Nakhon Ratchasima 30000, Thailand

Tel. (66) 4423 3063 Fax. (66) 4423 3064

E-mail : rmuti.journai@gmail.com




