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Abstract

Screw conveyors are widely operated for handling bulk materials in many industries. This literature review will

illustrate the recent research works which relate with mineral, agriculture, biomass, and chemical sections. The mechanism

of the screw conveyor seems like simple but the physics of particle handling in many fields have some different behaviors

that need to be understood clearly. Hence, this comprehensive review has been revealed the theoretical flow rate formulas

for the U-shape screw and enclosed the screw conveyors. Moreover, this paper gathers recent literature reviews of various

applications for illustrating various results of each section that can use to be a guide for future research works.

Keywords :Screw conveyor, Bulk materials, Handling, U-shape screw conveyor, enclosed screw conveyor

1. Introduction

Materials handling equipment is a part of many
industries that have to be employed to convey raw
materials or finish goods. Screw feeder and conveyor are
one of the most suitable choices for conveying process
because they not only can control the mass flow, which
provides the clean solution to the environment while the
handling process is running, but also, gain a high quality
of conveying with the low cost, including the
maintenance requirement [1]. Usually screw feeders and
conveyors are employed to handle the bulk materials for
controlling the mass flow rate in many fields, such as the
transportation process in agriculture, mining, chemical,
plastic industries, and so forth. The fundamentals of the
screw feeders and conveyors are indicated by Metcalf [2]
and Carleton, Miles, and Valentin [3]. The main

components of the standard screw conveyor are

consisted of a screw flights, shafts, hoppers, and screw’s
casing, which elevate the bulk materials, and feed the
part. They can be classified into two main types, U-shape
and enclosed shape as shown in Fig.1 and Fig.2
respectively [4]. The U-shape conveyor always runs
merely low speed drive around 30 to 70 rpm depending
on screw shaft diameters, according to CEMA standard
[5]. The advantage of this screw type is a good handling
system for the cohesive and heavy bulk materials.
Meanwhile, the enclosed conveyor can operate at a high-
speed drives around 200 to 2000 rpm that can convey
and compact a variety of light materials. However, it
cannot deliver cohesive and heavy weight of bulk
materials [4]. As the recent researches, the enclosed
screw conveyor has vary auger’s sizes between 75 to 400
mm in diameter and screw’s length between 1 m to more

than 30 m [6].
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Figure 2 A Screw conveyor as enclosed casing

For the screw feeder, there are some different details
from screw conveyor as shown in Fig.3. The screw feeder
is usually used to control the flow rate of the granular
materials. The hopper is a part that supports to feed
materials into screw conveyor. The size of the hopper
opening ranges is between one to three times of the screw
pitch [4]. The main advantage of screw feeder is the
stability to control the flow rate of bulk materials during
conveying. The rotational velocity of screw feeder should
maintain as low in order to gain the uniform flow rate and
reduce the overload effects from the centrifugal of screw

power.

Figure 3 Example structure of screw feeder

As surface explained about the types of screw
conveyor, many researchers had attempted to solve
material handling problems through the screw feeder and
the conveyor. Some experiment researches had been
investigated in various characteristic problems such as
focusing on cohesion and non-cohesion during handling
process [3],[7-10]. Some researchers studied methodology
of the mass flow rate measurement [11-12], and some
concentrated on the mixing result of the bulk materials
[13-14]. These experimental results provided a good
improvement to optimize the machine parameter and
design. Moreover, some researches seek for suitable
power, torque requirement for materials handling [15-17]
and the theoretical models of the particle motions during
transportation [2],[18-20]. In addition, Zareiforoush et al.
[1] tried to conclude from many researches on screw
conveyor performance. They explained about theoretical
models for bulk materials handling, however, the scope of
the reviewed literature are concentrated on the agriculture
material fields and also derived the volumetric flow rate for
the merely enclosed screw conveyer. Another technique
that has recently been applied to solve the bulk materials
handling is the discrete element method (DEM) which is
one of the numerical methodology. Cundall and Strack
[21] introduced DEM in bulk materials handling fields to
illustrate the particle flow behavior, the particle

interaction, and particle reaction forces of bulk materials
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under many situation constraints. DEM methodology was
used to simulate and compare the relationship of particle
between theoretical and experimental results, especially
the mass flow rate, average particle speed, and so on. The
outputs of DEM provide closely results comparing with the
experiments. For instance, some researchers investigated
granular handling for the horizontal screw conveyor [22—
24], bulk materials handling in inclined screw conveyor
[25], vertical screw conveyors [26], and screw conveyer
with mixers [27]. Moreover, DEM seems to obtain the
detailed data, related with the flow pattern, flow rate,
power requirement, particle speed and other factors of
granular particles via simulation before making empirical
tests. Thus, it will reduce experimental time for researches.

According to the previous published literature reviews,
the screw feeder and conveyors need to be deeply studied
for a better understanding in optimization and design of
screws because they are currently utilized in a wide range
of activities and conditions. Therefore, this review paper
gathers and illustrates the theoretical flow rate capacities
for the design of U-shape and enclosed screw conveyors.
In addition, the review contents related with the screw
conveyor would be separated into the different areas of
agriculture, mining biomass, and chemical groups which

have their own specific constraints

2. Theoretical Formula of Screw Conveyor

The theory of transportation of bulk materials in screw
conveyor and feeder has been continually researched [16—
171,[20],[28]. The main factors and effects of screw theory
are screw dimension, shaft dimension, clearance between
housing and screw, flow rate, efficiency of material
handling, torque requirement, and power consumption.
Thus, the main content of this paper would be mentioned
about two types (U-shape casing of screw conveyor and

enclosed casing screw conveyor) of screw design

calculation. Thus, the flow rate capacities in each type of
the screws can derive as the following.
2.1 U-Shape Screw Conveyor

The key objective of U-shape screw conveyor as
shown in Fig.4 is material handling capacity that depends
on conveyor size and speed. In order to specify the speed
and size of screw conveyor, it firstly needs to know the

details of material properties for the transportation.

A Area of
segment

Figure 4 structure of U-shape casing of screw conveyor

Conveyor Equipment Manufacturers Association
standard [5] provided various material properties and
material code to be a guideline for selecting the suitable
screw conveyor properties and checked the limitation of
the lump size before selecting the screw dimension. The
formula of flow rate calculation can be derived from

Equation. (1) as follows [5]:

¢ 0.7854x(DZ-D3)xPxKx60 ()

RPM 1728

Where:

C is the flow rate (ft’ / hr)

RPM is revolutions of screw per minute

Dy is a diameter of screw (in) that can gain from fig.4
D,, is a diameter of pipe (in) that can gain from fig.4

P is pitch of screw (in)
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K is percent through loading that can search from CEMA
guide book [5]
Note: This formula assumes that the flow rate in ft’ / hr per

1 RPM

This formula is established without concerning flight
thickness, flight tolerance dimension, and pitch tolerance.
Therefore, the pitch of the screw, the type of the flight, and
the operation of mixing paddles within the flight pitches
are concerned as CF; , CF,, and CF; respectively that can

select from as a table 2-4 in ref [5].

The equivalent flow rate can be provided as Eq. (2):

Equivalent flow rate =

(Required flow rate) x (CF;) X (CF,) x (CF3) @

Another factor that has to be concerned for the screw
conveyor design is a conveying speed that can be
calculated according to CEMA standard for regular helical

screw flight with standard pitch as Eq. (3). [5]

. . ft3
Required Capac1ty,(ﬁ)

3
% at 1 RPM

N (3

Where:
N = Conveyor Speed, RPM of screw, and this equation is
used for only recommended speed according to CEMA

standard [5].
2.2 Enclosed Screw Conveyor

For enclosed screw conveyor as shown in Fig.2, the
theoretical flow rate capacity can be expressed according

to the research of Srivastava et al. [29] as Eq. (4) below:
Q= E(Dszf - Dszs)lpn 4)

Where:
Q; = theoretical volumetric capacity, m’/s
D¢ = screw diameter, m

Dgs = shaft diameter, m

l, = pitch length, m
n  =screw rotational speed, rev/s

According to Eq. (4), it is theoretical flow rate
capacity. Actually, the flow rate capacity of screw
conveyor should be considerably below the theoretical
capacity because during conveying, there are many effects
that make loss on the volumetric efficiency. Thus, the

volumetric efficiency can be derived as Eq. (5) below.

= ®)
Where:
Ny = volumetric efficiency
Q, = actual volumetric capacity, m’/s
Whereas @, can be approximately calculated by
developing predicted equation from experimental data that

illustrated the good performance of screw conveyors for

transporting wheat, oats, and shelled corn as shown in Eq.

(6)

Qa — —4
_Zi(Dszf_Dszs)lpn (433 x107%)ax*xb *xc

—0.44
1
=(2 2
a ( nn\/;) ©)
1\ 031
-4
bp
c= 1(9))1.35M1—4.59H2—3.72
where, f;(6) = 1 + cos?6; 0 is handling angle as
measured from the horizontal, degree; 414 > u; >
0.374; 0.554 > u, > 0.466 ; g is an acceleration of

gravity, m/s’; l; is exposed screw intake length m.

3. Research Group in Mining Experiments

For the research of mining clusters, there are many
aspects that many researchers were concerned. For
example, Yu and Arnold [16] studied the theoretical torque
requirements of screw feeders for handling cement and

semolina by investigating both feeding and choke sections.
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The outcome of this research provided the theoretical
model of torque requirement that was improved by
principles of powder mechanics and concentrating a
transferred element within pitch of screw. The theoretical
model indicated almost the same as experimental data and
all geometry parameters of screw feeder. Moreover, it
presented the relationships between the torque
characteristics and another result from this research, which
was the starting torque value near to the operating torque
value. Therefore, this outcome will be usable for designing
flow load of screw feeder. Shimizu and Cundall [30]
deeply concentrated on the numerical analysis of bulk
materials handling, especially simulation and particles
through the screw conveyors by using discrete element
method (DEM). These results provided both horizontal and
vertical screw conveyor analysis. For horizontal screw test,
the critical angle should be considered smaller than the
predicted angle model from the static force equilibrium.
The overall power should be estimated over the derived
model at 15% and also the number of particle was
increased, which resulted to the power enhancement. The
clearance between screw and casing is a remarkable
concern during transportation. For vertical screw test,
DEM simulation provided a realistic behavior because not
only the particle makes faster speed, but the screw speed is
also increased and vice versa. Moreover, the transfer angle
and the upward particle speed are almost the same between
DEM and theoretical model from the static force
equilibrium. Waje et al. [31] studied Residence Time
Distribution (RTD) of screw conveyor dryer (SCD) for
sand. The experimental results showed that screw speed
increased then the degree of particle homogenies would
also increase, whereas the mean residence time would be
decreased. On the other hand, the feed rate of sand was
high with low screw speeds then the capable material

mixing would decline. Gaivoronskii and Postoronko

[32],[33] investigated ceramic green mixes via screw

conveyor. The results concerned about the optimal
productivity of a screw conveyor vacuum press that
considered the productivity losses due to geometric factors
such as the gap among the screw blades and casing, the lift
angle of handling line of screw conveyor, the number of
the entries screw blade, and the plasticity of the molded
paste. Mondal and Ghosh [34] indicated a relationship
between filling factor and flood-feeding of short length
screw conveyor during handling dry coarse sand. The
results presented that the high value of filling rate would
reflect flood-feeding situation during short screw conveyor
operation. Moreover, the filling factor of short length
screw should be two times of long length screw conveyor.
It means that the effective filling rate of long length screw
should be lower than the short length screw conveyor. Li
et al. [35] established experimental research about the
behavior of particle flow especially the trajectory angle of
particle motion that affected to mass flow rate during
transferring sand. The result illustrated that there was the
increase of the inclination angle and screw velocity, in
contrast to, the decrease of the outlet mass flow capacities.
Thus, this research can be concluded that various
inclination angle and pitch-diameter ratio are the main
effects to the outlet mass flow capacities. Pezo et al. [36]
applied DEM to analyze particle movement and premixing
bulk materials (natural zeolite and sand) of five types of
screw conveyor and three different lengths of horizontal
screw conveyor. The advantage of this research is the
predicted model of mixing bulk materials based on
ANOVA confirmation and the usage of the artificial neural
network to develop the model. Sun et al. [37] studied the
coal particle handling through the screw conveyor and
drum conveying performance by comparing DEM
experimental tests with empirical tests. The result showed
that the screw blade axial tilt angle affected the screw
conveying performance and the best flow rate of screw

conveyor. The axial tilt angle of screw blade should be 15°
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that will gain 5% higher than the screw blade without axial
tilt angle. Yang et al. [38] researched the axial velocity of
coal particles for vertical screw conveyor via DEM
method. The research outcome provided the axial velocity
model of the coal particle via DEM simulation test and

confirmed the model via empirical test.

4. Research Group in the Agriculture Experiments

In agriculture screw conveying research, many
researches had been attempted to solve the screw design
and enhance more efficiency of the screw conveyor. For
instance, Moser et al. [39] applied the sensor transmitter
for flow rate measurement of wheat particles during screw
conveyor operation. The results showed the good
performance for the reliable measurement of mass and
volume capacity. Zareiforoush et al. [6] studied paddy
handling in inclined screw conveyor. There were the
investigations of the paddy’s moisture content, screw
velocity, and conveying inclined angles. The result
indicated that paddy’s moisture content at 14%, screw
velocity at 100 rpm, and an inclination angle at 10° could
provide the flow rate capacity with the reduction of broken
grains, husked grains, and husked-cracked grain
respectively. Mariajayaprakash and Senthilvelan [40]
concerned with process parameter optimization of screw
conveyor in sugar mill industries. The results provided the
root cause of the screw conveyor failure on the fuel-
feeding system that occurred from fuel type, fuel moisture,
drum speed, and air flow. Dixit et al. [41] studied the effect
of con germ’s loading percentage, castor bean, and sugar
on horizontal screw conveyor. The experimental data
showed the incremental percentage of loading materials on
screw conveyor. Then the maximum recommended screw
speed and flow rate capacity would also be increased,
whereas screw diameter should be dramatically decreased.
Among three agriculture material tests, sugar may require

higher horsepower than others for handling. Olanrewaju et

al. [42] studied parameter design of screw conveyor for
granular materials (miaze ,sorghum,and gari) at 13%
moisture content. The results show that the elevated
location of screw conveyor can provide 99.95% and
recommended inclined angle should be at 0°,30°, and 45°
especially gari handling. Hevko et al. [43] investigated
about a flexible screw conveyor for bulk agricultural
materials especially peas and wheat. This research
provided a condition guideline for flexible screw operation
by suitable screw speed at 650 to 670 rpm and the screw
speed for minor damage of bulk materials during
transportation, which should be the range of 550 to 650
rpm. Ozbek [44] tried to seek the volumetric and energy
consumption efficiency in agriculture screw conveyor,
especially barley particles. This result employed the fuzzy
logic methodology to optimize screw speed, screw pitch,
and loading angle. The outcome provided the suitable
screw speed, screw pitch, and loading angle at 450 rpm,
100 mm, and 15° respectively for the best volumetric
efficiency. In addition, the optimal energy consumption
should use screw speed at 550 rpm, 100 mm screw pitch,

and 22.5° loading angle.

5. Research Group in the Biomass Experiments
For the biomass researches in screw conveyor, the
solution guidelines for the material handling section have
been interested recently to improve all constraints and aim
for the better performance. Miao et al. [45] studied biomass
materials (miscanthus and switchgrass) in a commercial
screw conveyor by concentrating on the flow performance,
the angle of material’s repose, the energy efficiency, the
volumetric efficiency, and so on. The results showed that
the energy efficiency and mass flow rate of miscanthus and
switchgrass presented lower than the corn conveying,
while the volumetric flow rate and volumetric efficiency of
biomass materials (miscanthus and switchgrass) had value

near to corn conveying. The angle’s response of
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miscanthus and switchgrass depended on particle size and
moisture content. Another result from this research was a
non-relationship of the angle’s response and the specific
energy consumption to transfer miscanthus and
switchgrass. Nachenius et al. [46] researched the residence
time distribution of biomass particles for the screw
conveyor reactor. This work illustrated the mathematical
predicted model of the mean residence time of biomass
materials such as pine chips, rice, and sand. It provided a
good performance, which not only could apply to similar
materials, but also applications. Rackl and Gunthner [10]
tested the effect of different grades of wood chips on screw
feeder. In this research, three different wood chip grades
and two blends of wood chips were concerned to
investigate mass flow and torque requirement. The
conclusion of this work, wood chip was difficult to transfer
with screw conveyors, especially the large dimension of
wood chip and the particle size of wood chip were a main
factor for the driving torque. Another main result from this
work was the wood chip mixing that could solve the
excessive driving torque of screw feeder by mixing 70% of
hard-to-feed wood chip grade and 30% of a high-fine grade
including bark and needle content. Chamberlin et al. [47]
researched the residence time distribution of wood chip
feedstock in screw conveyor reactor. There were four
methods to derive residence time distribution of handling
(the estimated ideal residence time, the positive step, the
pulse input of tracer, and the negative step). The result
showed that the pulse input of tracer illustrated a long
trailing tail that could not be investigated. Also there was a
conclusion that the average residence times were short, and
then the flow rate capacities would be higher. Lian et al.
[48] concentrated DEM simulation for mixing coal and
cylindroid biomass particles in a screw feeder. The results
provided the biomass feeding ratio, feeding rate, and screw
speed. It could be concluded that a higher biomass feeding

ratio would result to the stabilization of the real time mass

flow rate and biomass blending rate. On the other hand, an
excessive feeding rate might be a reason of some

cylindroid biomass flow obstacle.

6. Research Group in the Chemical Experiments

Another cluster that screw conveyor, which played an
important role is the chemical section. For instance, Fu et
al. [49] studied the design of screw conveyor in rubber
manufacturing. The details of this research provided
theoretical equation for designing screw conveyor in
rubber process fields. This described step by step for
producing screw conveyor in rubber process operations
and illustrated the main parameters for the design, such as
humidity of bulk materials, characteristics of materials,
purification of materials and so forth. Deng-cheng et al.
[50] concentrated on the processing interaction of Ashalt
mixture on screw conveyor. There was demonstration of
the relationship between a paving segregation of asphalt
and a parameter design of screw conveyor. The result then
showed that screw blade diameter, pitch, and position of
mixing in the screw distribution related to the performance
of paving asphalt, the reduction of a tangential force, and
the increment of an axial force during handling via screw
conveyor. That would provide the satisfied efficiency of
mixing asphalt. Pezo et al. [51] researched the mixing
mechanism of screw conveyor through DEM methodology
and used the painting spherical granules that made from
zeolite for being material tests. In this research, there was
a usage of helix or helical strips to be added on the normal
screw types, in order to concentrate homogeneity of screw
mixture. DEM was employed to study fifteen screw
conveyor and five different geometries. The results
indicated that the straight-line blade could blend bulk
material better than the others at any screw length. Sun et
al. [52] used DEM simulation to investigate non-spherical
particles that made from polymethyl methacrylate

(PMMA) for handling in screw conveyor. The conclusion
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of this research provided that the axial, filling level and
angular velocity would be decreased, when shape index of
particle was increased. Meanwhile the shape index of
particles has been increased, the contact force, the power
consumption, the wear of conveyor, and the pressure
during screw conveying would be continually increased.
Moorthi and Megaraj [53] tried to design and develop the
single screw conveying machine for transforming waste
plastic to oil. This research applied screw conveyor to be a
part of pyrolysis process. The result showed that the
integrated screw conveyor in pyrolysis process could
transfer oil more efficiency than the pyrolysis process

without integrated screw conveyor.

7. Discussion and Conclusions

This review paper attempts to indicate the important
concerns in various industries of screw feeders and
conveyors. As mentioned in the literature researches,
mineral, agriculture, biomass, and chemical applications
have some different constrains of elevating and mixing
purposes for the bulk materials. Many researchers
investigated by varying screw pitch, screw dimension,
screw velocity, angle of elevation, angle of repose,
clearance between screw and casing, and so on . Most of
them attempted to optimize the mass flow rate, the
volumetric rate, the power consumption, and the torque
requirements, while each group could provide the different
results depending on its objective because screw conveyor
depended on many factors, especially bulk material
properties, which each material had the different properties
Therefore, screw conveyors of each industry group should
be selected to suit their own theoretical models for the best
design and operation. These will provide reliable results of
screw performance. Therefore this review paper can
provide some concluded guidelines for each industry group
as:

The mining group

The screw conveyor in mining industries should
concern about the torque requirements because of
feeding and choke process sections.

The critical angle screw design should be
considered smaller than the predicted angle model
from the static force equilibrium for reducing
power requirement.

The clearance between screw and casing is a
remarkable concern during mining transportation.
Ifthe feed rate of the coarse particle was high, then
the capable material mixing would be decline.
The relationship between filling factor and flood-
feeding of short length screw conveyor during
handling dry coarse particle is important whereby
the filling factor should be two times of long

length screw conveyor.

The agriculture group

Agriculture particle handling in inclined screw
conveyor, the particle’s moisture content, screw
velocity, and conveying inclined angles have an
effect for particle quality such as broken grains,
husked grains, and husked-cracked grain,
respectively.

The experimental agriculture particles showed the
incremental percentage of loading materials on
screw conveyor caused by the increasing screw
speed and flow rate capacity and the decreasing
screw diameter.

The flexible screw conveyor for agriculture

handling should be applied the screw speed as the

range of 550 rpm to 650 rpm.

The biomass group

The angle’s response of biomass particles was
depended on particle size and moisture content
while the angle’s response and the specific energy

consumption were independent from each other.
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® The conclusion of this biomass researches,
biomass chip was difficult to transfer with screw
conveyors, especially the large dimension of the
particle size that required a higher driving torque.
® [f there is the necessity of mixing biomass chips
and the driving torque requirement, this should use
excessive 70% of the screw feeder.
The chemical experiments
® The chemical particle handling should have the
content of bulk

concern about moisture

materials, characteristics of materials, and
purification of materials.
® The screw blade diameter, pitch, and position of
mixing in the screw distribution related to the
performance of paving asphalt.
® For chemical particle blading, the research
results indicated that the straight line blade could
blend bulk material better than the others at any
screw length.
®  The non-spherical particles of chemical materials
for handling in screw conveyor and shape index
of particle will affect to the contact force, the
power consumption, the wear of conveyor, and
the pressure during screw conveying.
Moreover, many researches employed DEM
configuration to solve the model of bulk material flow in
screw feeders and conveyors by considering on the factors
of'inter particle forces, residence time distribution, particle
shape and size, in order to prove the model and their results
before the empirical experiments. By this way, it will

provide the best performance of cost saving and time

reduction for the research operation.
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Abstract

This objective aims to apply Kansei engineering techniques in the design and development of TV table furniture products from

oil palm trunks. To create an idea for the development of products that can respond to the that meets consumer needs through

quantification theory type 1 (Linear multiple regression) with a Likert scale. To form of the forecast equation for showing the

relationship between sentiment with product attributes and for simulating new product models. The results of the quantification theory

type 1 revealed that five product attributes could be defined for product design: usage, contours, decoration material, product size and

product form. In addition, it was found that expressions of sentiments that correlate with product attributes for design can also be

include, weight-bearing, usability, shape, usable space, luxury, beauty, and uniqueness. Therefore, the results of this research can serve

as a guide to help designers to define product attributes that represent the feel-good relationship for designing and developing new

products in accordance with customer needs.

Keywords: Product Development, TV Table, Kansai Engineering, Oil Palm Trunk, Product Design.
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Abstract
This research aimed to develop decision support tools for management decision-making. The process of analyzing and choosing

strategic suppliers of wood materials, which is regarded as a critical raw material in the furniture industry, was the issue of the case



28

]
[ Y

AWEIAANTLLN TN 39 R1TUN 2 Uuieu 2565

study. The goal of criteria development was to deal with supplier-related problems to comply with the company's strategic

competitiveness. The literature review was determined to list factors that affect supplier evaluation. Then, these factors were proposed

to three buying experts from the case using the index of item—objective congruence which is the assessment tool for concerned main

and sub-criteria. After that, managers applied the analytical hierarchy process, which is a tool in multi-criteria decision making, to

determine the weight of significance involved in the case study buying process. The evaluation process and criteria were established

to assess present suppliers. As the result, the most significant three main criteria were product quality, delivery, and flexibility.

According to the proposed method, the performance of five suppliers was not correlated to purchasing proportion because of price

focus. The best performance supplier had 12 percent of purchasing proportion which ranked the third. The first rank of buying

proportion got 35 percent which ranked before the worst performance supplier. The proposed method also supported actual supplier

performance connected to improvement and strategic supplier relationship management in the future.

Keywords: Multi-criteria decision making, Analytical hierarchy process, Supplier evaluation, Strategic supplier, Furniture

industry
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Abstract

This paper presents a dual-band antenna for a wireless local area network (WLAN) system with the frequency of 2.4—
2.5 GHz and 5-6 GHz. The proposed antenna is a patch antenna consisting of two circular radiation plates. They are stacked
above and below the multilayer substrate, connected by wire, and fed by the coaxial probe. From simulated and measured

results, the proposed antenna has an input impedance close to 50 €2 and |S,,| below -10 dB in a frequency of 2.4-2.5 GHz
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and 5.0-5.3 GHz, the gain is 1.9 dBi at 2.45 GHz and 2.36 dBi at 5.2 GHz, respectively. The antenna can be effectively

used in both frequency bands of wireless local area networks.

Keywords: Dual-band antenna, multilayer substrate, patch antenna and wireless local area network (WLAN).
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Abstract

The goal of this study was to use light scattering and electrostatic particle counters to evaluate the particle filtration
efficiency of surgical masks. Samples of surgical masks that have been approved by the FDA were chosen for testing in
this study. Particle filtration efficiency was measured using polystyrene latex spherical particles with diameters of 0.1, 0.5,

1.0, and 1.5 um at a face velocity of 10.6 cm/s and a test area of 17.8 em’ according to the ASTM F2299-03 standard. The



v
= Y

54 AWAINANTLLN UN 39 R1TUN 2 Uguieu 2565

light scattering and electrostatic particle counters were used to measure the upstream and downstream particle number
concentrations of the test mask in order to evaluate the measured particle filtration efficiency of both counters. The particle
filtration efficiency of the two counters was found to be similar based on the experimental results. It was shown that the
particle filtration efficiency that obtained from both counters were in the range of 95.38-98.61%, the difference in the mean
absolute percentage error of the particle filtration efficiency between the light scattering and electrostatic particle counts
was about 0.99, 2.03, 1.84 and 1.79 for particles 0.1, 0.5, 1.0, and 1.5 pum, respectively. The results of the comparison

suggest that electrostatic particle counters may be used to measure particle filtration efficiency in a way that is comparable

to the ASTM F2299-03 standard for light scattering particle counters.

Keyword: COVID19, Surgical Mask, Light scattering particle counters, Electrostatic particle counters

1. Unin
msunssziavedlsnlaia-19 lUnmngimnves
2
Tanslieeadaniyoazaugevatodiuau w1ld
v o ¥ & a . .

nrmnewnedsznnlensufed (Disposable surgical

masks) H111A1NFN (Fabric masks) a1 111910 N95 (N95

masks) In21udesnmsguie ldlunisdesiunis

2

UninsraeveuF¥eInia-19 1nazesdloersoa1sAna

NAI91IANIT 1BUUAZNITANTUALDOIVDUNAINAY

azeodavguuanGenninuazayn [11,12] Tasluxgia

v

Tn3a-19 szualudlszma lnens 4 sounadywinig
Fd 4 Y

Yiauaauglnisiniensunnd lagianizyiiinin
Y

auitlszianldasufes vihmndazuiinin N9s

a

nndymmsvianaauiagavluniseaaniiinin

a

@

o ' Y a = P v W o

aanan latauisenuuziuneanuiagilosiuszuy
a A | A Y 1 A

muauriglameuniaaenlunslelugiran

nimneuTaLaz NN N95 auAaY [3-10] Laz

Fauinud1viin neuTenasnidInIn N95 910
alszmasierinelulssma dninauunesgiu
nanfaaigaa1MnIsN (awe.) 1aeenu1AsgIu NN,
v
24242562 vivmneufeldasufeday wen. 2480
' i
2563 ¥TNIN N95 AAANUIFEIMIAAFDNIINTUNNG
N Yo v
Yueinuauiasgiunazguamliduniiinin
o Ao ' 9 v A o '
puvensviieluienaia Tagriiininnsivuie
Y
LABIHIY VON. U 91NANNABINITHIININD U

v v v 2 2 = a
UHUININRILUASHUININ NIS qu’gdﬁuu INLNA

a 9 o Y X
T59uraarniInIneuItenaz 1NN Nos yuluy

Uszmaninnat 100 159911 Falunszuiunisnan
o I =
niininsuiudesiinisasivasuguainuay
a a <
U5z @NENIMNITNI0I0YNIAYDINTININNNABANS
Han uAiiodnaInTao g1z luilegiudad
9
5IMgImInaensanszma sniiresljianadou
Tuilszmadadisiia luiisanoaoniudesnislums
=2 o q ¥ =~ FY A4 A
naaey 30 14 Issnuianudeinsiniedlonadou
A q v
malFlumsasrvaoununinuedlsasauy
1 ] < A A a 4
1Ae1915NATN 1AT 0l ATIVAD VAT IZH
UszAnsnmdsiiamgeeglundnmaneduum sai e
Tssnmwaantiimaulugdshilimsasnaeunmnin
v = o v o o 4
laamnuasgiusmuald ludagiumsiauunso
nagoulszANTNmMINIeteyNIAYEINTIININE LY
wagytiinn Nos uuuda Tudaninmsiuinidnyag
Taseardramaila 35mMs mIiinu uagsauanaanuy
pon 11/ 191 TSI 8130A AUTOMATED FILTER TESTER
A o @ a I 4
YoUTHN TSIUsznaansgousnuilunseanadon
Usz@nTnIwN15n5090YAIAVEINTINTN NO5 LU
o0 TuiAauAIgIu 42 CFR 84 ansantiaeynin In
= d < 1 @
aa'la3uanding, NaCl, Emery Oil, DEHS %24m3ianu
Yy 9 o 1 J =
duduveayma 0.1 lulasnSuaegnuiafuas fa 200

1 J

aanSuaognuIRiuas ansalsusasins naves

f=¢))

eymanaaon 1dTug23 5-90 Limin annsnianusu
uana1a 1@ 0-250 mmH,0 esadialsz@niaiwng
509 1Agagn 99.999% 51152010 6 A1pMN [11] TSI
3610 AUTOMATED FILTER TESTER ¥04U5H% TSI

[ a I 4 a A
Usemaanigonisnuilwasemadovllszansnnms



Ladkrabang Engineering Journal, Vol. 39 No.2 June 2022 55

N5990YN1IAVDIHLININOUITouULda TuiAn 1)
WINTFIU ASTM F2299-03 11z 42 CFR 84 8131500141
pumnalnaaladuaning, NaCl, Emery Oil, DEHS
aunsoinlsza@nsammsnsesldgaga 99.999% 5101
Uszana 8 a1un [12] Automatically Particular Filtration
Efficiency Tester g'u G506 U3HN QINSUN/STANDARD
Yszmadu Junsosfinaaoudlszdniammanies
PYMAUBINTIININ N95 tuusa Tulidnuunasgiu 42
CFR 84 gninduiineyma Iwda la3uawding, Nacl,
Emery Oil, DEHS %2453 1udud uuoaynin 0.1
TuTasnSudegnuianiuas fa 200 TadanSuaegnuiar
was amsndiudaiims lnaveseynanaaov'la
Tug29 5-90 Ansaoui annsaiannuauuana1la o
250 mmH,0 a3 inlszaninmnsnseslagega
99.999% 1A5EMN 2.6 AU [13]
dmiululsznalneds lifims3souaziann’og
naaoulszansnwmInsotoynIAveInIININeUINY

o =

9 o wa = Y Ay
HAZHUININ N95mnmmium ﬁ]\?‘i]ﬂﬂu‘ﬂ@lﬂﬂilﬂﬁ

aw o v =} o

ARITUNONAUIA UL LazdanASeaile Taa

Q

t4 = 1

aunsal fifedmeludszmald I8dunuuiianse
‘ﬂﬂﬁauﬂizf?m%ﬂWlm:iﬂimmgmﬂ'lﬁj‘ﬁzmﬁﬁmﬂﬂum”ﬂ
HALHTIINA NOS TAMININATIIN UON. 2424-2562 1AL
wen. 2480-2562 asnaamaiudanaelszma’la
lusigazieamsnadeulsc@nsNINNIINT0IDUN A
V1A 0.1 pm WIS 4.6 318M37 3 Vo won, 2424
2562 1481999u1A5§1U ASTM F2100 [14] Fudu
FotmumnasgudmsudszansmmvesTani 19y
wiinneuifenamsunndfisivualasauaums
NAADVUALIAQUNIANTFOLUTNT (American Society for
Testing and Materials) [15] 18 1131059114 ASTM F2100
181n15819u1AT§ 11 ASTM F2299-03 [16] 3 nadow
WAIFIUAHTUMIHIIETNTAMMINTDIASMING]
Auvesniiinnewionmsunnd laomsl¥eynin
n3naustaneas e u aufing (Polystyrene Latex, PSL)
s1waz18oaluanIgIu ASTM F2299-03 Tadvual

o a a < 4
Wﬂﬁﬂﬂﬂﬂﬂuﬂ?ﬂﬂiﬂﬂﬁﬂ‘ﬁu@]waﬁZ‘Tllﬁdiu AUNNEY LUD

VUIARYT (Monodispersed aerosol) YH1ABYNANNATDY
' ' A g '
g 1u579 0.1-5 pm N admmimadenld luga
0.5-25 ems Taoldinsoini e YMALLLNTZR LA

1< )
(Light scattering particle counter) Lﬂumuummuﬂu A
I a o
won. 24802562 1 uaTgIunAnsuigaavng Ty
v H Y
ninmnldasuRerviia Nos anauTeImMsAaleN1g
o a A
msunnd Tumsnadgeuisz@nsnmlumsnsoseynia
Ao N 43 319M37 1 Yo wen. 24242562 138198
WAV 42 CFR 84 (Vo 84.181) upsan1iue131ounis
naznNNlasansuoIlssINAAT§oIu3 N1 (National
Institute for Occupational Safety & Health, NIOSH) [16]
5108210AMINATOUHHINIA NIS AMUNIATIIU 42 CFR
Ed
84 (10 84.181) HihnuasaimM3 lmaomalumsnaaeu
N19A31M5H19UgIVeINYBEAD 85130 95 Limin N1
A oA a 7 Aa Y
PYMANADYI 0 IpReunaD 150 (NaCl) NTvadUEIU
1 §nanaxls 8911 (Count Median Diameter, CMD) 111111
0.075£0.02 pm W5 0N UIALFUHIUGUINA1901N A
Naa1Iaa gﬁ‘ﬁ 9114 UID (Mass Median Aerodynamic
Diameter, MMAD) (1171 0.3 pm ttaziandoqyy
WIATFIUIFUTVIAUA (Geometric Standard Deviation,
GSD) huAuni 1.86% dmsunseaiusuaueymaly
Yo Y & v o o
A3 U 42 CFR 84 latmualdiludnivinueymn
a 4 a . .
wuu I Tadimes nszR e (Light scattering photometer)
W3 0IAT 091 oUUVIABLIABY (Equivalent instrumentations)
= < Y A @ o I 1 ~
Favzmiu laiuasouivswaveymaidludiunlszneui
d1agveszdninimnisnsesoynIAveIniINIn
v
U ouaz 1N N95 ueaN1AsgIune 2 Taeld
o Yo o o IS a A
mualddaniviunueymaidlunuunsziuainie
= = 1 T I 4 @ o
MewAes uaodelsnaw nseuiuSuIveyMALDL
nszRaasd v uueymaniivadurig
quinaaluga 0.1 30 03 pm AT MeluResAaIn
v v A [ =2 9 [ 3‘;
Jagiiudaismgalundnnarsuaudadiunim aiy
4 EY) a I
ms3lfaseuivitwaueymauu liihadadailu
A A A Y g A v o
insealemaaenlumslailunseauiusiuiveyna
HUASLIAGINNNATFIU ASTM F2299-03 1z 42 CFR

y A 3 A o oo < o
84 llﬂ Lummmﬂumsmumm’m’oumﬂ‘ﬂmmmuu



56

v
= Y

AWAINANTLLN UN 39 R1TUN 2 Uguieu 2565

snueymalaiouResiunisniusuaueymaLL
AszIaLaa 1ag Intra et al. [17-20] 18318910 52 @nT 0w
mitiveymaveunseniuiwaeymauuy Tvhada

'
1 (=)

10dNUTzu18 99.60 D9 100% 1Az 99.55949 100 %

b

d1v3 Doy MA DEHS taz NaCl Tugradurmgudnans
FENIN 50 D4 500 nm AWAIGY HAZHANNTIABYNIA
wiofluazesaneede iihadail IdTeendumnasg iy
HAASMATQATINNTTY (DN WDN. 3030-2563 1A B
asaviaduazessanenannis ldhadalasdninau
nasguRaasusigaamnssuiiet mumduasg
m%ﬁﬂﬂuazamaaﬂ PM1.0, PM2.5 1iag PM10 Aulu
Uszmatlne Siand onfusnuueymauuy Wihada
Hidensoianuazaauesldmelulszmeily
fsmgnniuas eaiusmaueyMALLLNIZT WA i
Idunuveun’omageulsziniammsnseseuna

YDINUIMABUTBLAZHIIINA N5 t1usn Tuiia LI

1 A 1

Elﬂﬂ’J”ILﬂ‘iE]Q“th,‘fhmﬂﬁﬁﬂizwlﬁ

a

Y
a

o & v AA o s A = =

Ay uITeNTagYszaeAaolTeuiey
Usz@NTNMMMSUUTINIUOYNIAVOUATOWVDN T
seranazuu lihate dmsuldlsadivlse@nsam

9 o ¢
Ghlfﬂiﬂiﬂﬂ@uﬂ1ﬂmﬂﬂﬁu1ﬂ'}ﬂﬂu13J$J‘1/I'l\1ﬂ1§LLW‘1/IEJ

Susesain oy, dimsviivlFlunisnaasy
UszaNTAINAIITNTOIDUNIAAIUNIATFIU ASTM
@ a a = < 4
F2299-03 fuoymansanansiianead lasu auing
YU FUAIUGUEINA1N 01,05, 1.0 4ag 1.5 um 0
3 9 ) (Y o di’ ~ J
AMWTIAIUHUUNIND 10.6 cm/s AUNUNNATDUINI
5 ) = ao 4
17.8 cm” TagdoyanamsAnuiluunanuisetiszilu
4 g o A A o
A lumswaunseslonazginsainaaou
s
Uszanimmnisnseseyniavululszmaliiude
ANNABINIIATOINATOUAINTDIOYNIA TumsAny
Ivennlsz@nininnisnsesoyninveantiinin

pUTBLaz®IININ N95 %131A39-19 szunaluilszme

Ine

U A’ L o
2. HANNIIUATIN UV HIUDUMA
2. 1953095 USIUIUOUMANVUN TR WA

A @ o a ) o

nyeUT MY MANUUNIzRwauiugnsain
19ManNTATLIRAAT (Scattered light) Tau T lung
Fawndmiumsiaanududuiiuiuvesoyniniil
Y ¢ g ' =

vraduiugudnaraianndt 1 pm Tlauda 20 pm
anbaz Inseaiazmshaunaas13luzdi 1 Tae

mskandyauassidinuiasieiuldanns

TaeaendI19819MINMNOUITINIIMTUNNINHIUNNT A UNVDIOUNIAAS
Aerosol
inlet Scattered
Incident light pulses
light
Light Light
source detector
View volume
Aerosol
outlet

gﬂﬁ 1 Principle of the light scattering particle counting

1 i o oo
Anaaieir liulasauiusiuavveseynin

aA

NENMITNTLAWAINTDAABINITIVAIUIIANIT I A

v oA

ypseynIAtesuInuay ldvoyanisianuiiguning

U

FMTVMIIADE19ADITID VDIFEURINANNITNTLI

9

A a ~ =
uasiifemsnsziaaseninim lhlumsnlasunila
Hoouoanwtin159Wniy (Refractive index) 1104y 1N13

n3EIANTZLLAY 21y u1n0YMAnI 03151901 1N

'
=1

nasunilas i lideyanlannuludanuvsona

U



Ladkrabang Engineering Journal, Vol. 39 No.2 June 2022 57

msian ligndes nanminsziluasazlinnuuanaig
Y S A 1 o I Ay o
vinndesganssaine liinusuiundesiing
21MNVDIBYMALATHANNMTHAINTIAYUIADYAIN
v & : & Yy 9 o = 5
Taaauna 00320 pm AW Fudusr1uIuda 10
. <3| a a
particles/em’ @aemIMsasvaueuily 1 3u1H Tasany

ududmauveseyma N, awnsadmomldan [22]

n
N, = o (1)
& A o A o v .
e n ﬂ@ﬂ?uqui‘)ﬂﬂﬁlﬂ‘ﬂuﬂqﬂ‘ﬂﬂ‘ﬂuﬂ (Totalpartlcle
A 3 A
count) Q ﬂ@@f"lﬁ’lﬂqﬁhlﬂﬂ"ll@ﬁ@lgﬂWﬂuag t ﬂ'ﬂmﬂflu
MyuTIIUeYNIA

d‘ U o a
22up5090ud1veyMmanuylhade

in3oaiuTaueymanuy lvihatanldgndae

U

]
=~

& o & o
W3 1ad (Faraday cup) 1iluginsalugiuildlunsia
Uszyeunin 3UA 2 uaasdnvuzInseadevegn
9 4 k) J £y o
e uad melugndlehsuadlszneudis danses
pIn1Adasaoyn 1Al sz a@nTAINge (High efficiency
particulate-free air filter) H30 1380 31AINTDID1NA

HEPA M 9egmeluiign@ingea (Filter holder) N1

Teflon insulator

vinTanganirhidhussgegnislugndleTanzdni

Tl Taehdadansesazgnueneensiniumialuion

gnanearonunTiliiedd Taena ludeuldimiaou
x I Aa = =

(Teflon) Fanlasuilunuiu i nauaz inaveuiie
a a a o [ @ 4 1

Ts1annsn (Piezoelectric) ey d1MSudIFoudo

18T UNIUAT (Low-noise connector) 92 1% 11un13

A VY o AR o A 1
ouABNNUNIAGINTBIYMANDAIn1815201N 1A
A o o a s o A
so lovounazanuu Aanses lldsiimes nszuadinge
A ad a J a 9 1o

Wivvsoan Insiwes UnAudmdyanunszuailszy

aymania laazegTugig 0-10 pA Taesdanunszua
I @ ' ]

Uszgueseynn | witlulanduvesmanumuy

13529A19 (Space-charge density) p 8315 laoynIA

Q, WUAINTOIOYMARIANMIAD [21]

Incoming charged COIIgcted
particles particles
Q)
Aerosol
inlet ) ®

Metal housing /

ST,
L

b,

ST

b

4

L
L ]

L L

atele
e,

S5

T

S5

T o
L

L
L

o
L

525

o

5

L
St
L

2
525

S

2

S5

S

2
!
bt

5%

7
L
oy

L

S

5

[
L

A

Ip = pQ, ()
A
[$\)3]
p =npeN, 3)
|
HEPA
/ filter
o Aerosol
outlet
Electrometer
™~ oSignaI

3 output
-
Faraday cup

3 1 2 Principle of the electrostatic particle counting
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3 4 Experimental setup for comparative study of particle counting between electrostatic and light scattering particle counters.
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31.]7] 5 Experimental setup for comparative study of particle filtration efficiency between electrostatic and light scattering particle counters.
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3191 3 Comparison of filtration efficiency of 0.1 pum PSL particle between electrostatic and light scattering particle counters.

Light scattering particle counter Electrostatic particle counter Absolute
Sample
Upstream Downstream Efficiency Upstream  Downstream  Efficiency  percentage

number (Particles/cm’)  (Particles/cm’) (%) (mV/em®) (mV/em®) (%) error

1 11200.00 293.00 97.38 188.50 6.90 96.34 1.07

2 10800.00 291.00 97.31 186.30 7.10 96.19 1.15

3 11100.00 295.00 97.34 189.20 6.40 96.62 0.74

4 11300.00 301.00 97.37 181.40 7.00 96.14 1.26

5 10700.00 292.00 97.27 187.60 6.50 96.54 0.75
Average 11020.00 294.40 97.33 186.60 6.78 96.36 MAPE = 0.99
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3199 4 Comparison of filtration efficiency of 0.5 um PSL particle between electrostatic and light scattering particle counters.

Light scattering particle counter Electrostatic particle counter Absolute
Sample
Upstream Downstream Efficiency = Upstream  Downstream  Efficiency  percentage

number (Particles/cm’)  (Particles/cm’) (%) (mV/em’) (mV/em’) (%) error

1 10200.00 271.00 97.34 210.00 9.68 95.39 2.00

2 10100.00 269.00 97.33 205.10 9.50 95.37 2.01

3 10000.00 270.00 97.30 209.60 9.35 95.54 1.81

4 10400.00 267.00 97.43 204.40 9.73 95.24 2.25

5 10300.00 265.00 97.42 208.70 9.64 95.38 2.09
Average 10200.00 268.40 97.36 207.56 9.58 95.38 MAPE =2.03

M1 5 Comparison of filtration efficiency of 1.0 um PSL particle between electrostatic and light scattering particle counters.

Light scattering particle counter Electrostatic particle counter Absolute
Sample

Upstream Downstream Efficiency = Upstream  Downstream  Efficiency  percentage

number (Particles/cm’)  (Particles/cm’) (%) (mV/em’) (mV/em’) (%) error

1 11400.00 256.00 97.75 78.78 3.73 95.27 2.54

2 11500.00 257.00 97.77 76.15 3.00 96.06 1.75

3 12200.00 255.00 97.91 77.60 2.80 96.39 1.55

4 11900.00 253.00 97.87 77.30 2.74 96.46 1.44

5 12200.00 252.00 97.93 75.60 2.98 96.06 1.91

Average 11840.00 254.60 97.85 77.09 3.05 96.05 MAPE =1.84

M3 6 Comparison of filtration efficiency of 1.5 pum PSL particle between electrostatic and light scattering particle counters.

Light scattering particle counter Electrostatic particle counter Absolute
Sample
Upstream Downstream Efficiency = Upstream  Downstream  Efficiency percentage

number (Particles/cm’)  (Particles/cm’) (%) (mV/em®) (mV/em®) (%) error

1 11100.00 155.00 98.60 44.11 1.53 96.53 2.10

2 11300.00 157.00 98.61 44.28 1.34 96.97 1.66

3 11700.00 160.00 98.63 44.49 1.23 97.24 1.41

4 11600.00 161.00 98.61 43.25 1.49 96.55 2.09

5 11500.00 162.00 98.59 44.82 1.38 96.92 1.69

Average 11000.00 173.20 98.61 44.19 1.39 96.84 MAPE =1.79
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Abstract

The objective of this research was to study the removal efficiency of calcium sulfate and natural organic matter
(NOM) using nanofiltration membrane. The membrane sheets used were obtained from GE Water & Process Technologies
(model HL4040HM). The filtration experiments were determined by a dead-end filtration membrane. Factors studied were
ionic strengths of calcium sulfate, pH and combined effects between calcium sulfate and NOM. The experimental results

revealed that increased ionic strengths of calcium sulfate provided higher flux decline, possibly increased concentrations
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of calcium sulfate, thus decreased permeate flow. Solutions having high ionic concentration of 0.015 M resulted in the

highest sulfate removal about 97%, thus enhancing accumulation of calcium sulfate on the membrane surface. The pH

effects caused calcium and sulfate removal ranging from 71% to 93 %. For combined effects between calcium sulfate and

NOM, it was found that fluxes and rejection efficiencies (both calcium and sulfate rejections) showed lower values than

those without NOM.

Keywords : Nanofiltration membrane, Ionic strengths, Calcium sulfate, Natural Organic Matter (NOM), Flux decline

1. UNin
a o a
ATOUNT 853 5U¥19(Natural Organic Matter: NOM)
I o A o Yy a a A A %‘ J ?,‘
Wuarssmannm lvinagsivseduiaiaseuluiin
a A o Qd’ dy 1 %‘ a a 1
asounsosssuandutleuluuravidmiauaiu

' < a IR A a o
Tnghiilumsdunidyuiannmnnandusiveude

ada J

J a
Gl,uﬁﬁﬁiJGﬂWﬁﬂiJﬁNﬂ‘]Jﬁzﬂ@Uﬁ}'Jﬂ ATUDU DDNFLAULAY

P
< v A @ a

4 a
ll?]Tﬂﬁlﬁ]‘L! Wunan onNIEsouUNIIsITNFIATINITD

A o

1 1< ' @ a 1
uueondu 2 naurana ﬁ’f] L. @1939UNTINQY

a

1a1a5 T9l0a(Hydrophobic) 1dun a151senevudaiin

(Humic Substance) s8¢ NI A 1{,}! ain (Fulvic acid) Tael

wa 7 o a ag
ﬂmﬁuﬂﬁﬂlﬂﬂﬂ@ﬁﬂﬂﬂﬂlﬂuﬂ‘iz"gaﬂ 2. @199UNTYNQU

a

Y
laTasWadn(Hydrophilic) azuagiuvIaLazanb ML
d.d 1 %‘ % = 1
youastlszneuitiegluihaeezli Mwco Tusas 300
y : D %A A
84 30,000 Da WA IANTINUI U aIuIRIAY

' & a A S A 3
UInNIN 50%L‘]_]L!?Hi’t‘)u‘ﬂiﬂﬂ”liU@uﬂﬁ$ﬁ1ﬂu1

(Dissolved Organic Carbon: DOC) [1] arulw i.‘g'WiJ
A3oUNIIFTTUMANTTAUANUTNTY TR 10 mg/L
[ 9
@QﬂTii}ﬂﬂWﬂiuﬂlmmﬂ\iﬁ'ﬁﬂuﬂﬁfjﬂ?gﬂﬂuﬁ\iﬂﬂﬂ
. ¥

(Total Organic Carbon: TOC) Tazareluiiuinmuse
Y %’ = =\ 1 1 1 I =
uaaiuuwwwwuw mg/LLLC‘I@EﬂQﬂJﬂﬁWNﬁ"U@Q

a S Aa o Y y%;
A15BUNTITITNIIATIdINanIENUAOH 15111

@ I

F
Faasesriu ldun szuvgusuaitiaunlsezilou
nansuurme luszuuihawelszih nazndny
= & y Ao a A ~
wininsdwileuluihnimsauasal 5y aassu
d' ] dy a Y ] &’
o nyelsn erunananassldainmsiuseIsa
.. . 1 a I 1
(Disinfection by- products: DBPs) %14 el uans ﬂqu'lm
a1 1a3mY (Trihalomethanes: THMs) HaW1UNE13AI0a1)
s o Y a < o
p1uauildnalsauzisa 2] muena1suuziii

ny
AUNININANYI89ANITOUTY Tan (WHO’s Guidelines

for Drinking Water Quality) 1 a.¢1. 2011 1df1vua
Auuzihdmsy lasenTatimuns 4 gduuuinuos fe
1. naa T5Wo3 1 (Chloroform) TA1 1A 1 0.3 mg/L 2. Tus
Tu'lanaeTsiimu (Bromodichloromethanes: BDCM) AN
Wi1N U 0.06 m Cdalulusaaelsiiinu
1 006 mgL 3. laTul 1
(Dibromochloromethanes: DBCM) a1y 0.1 mg/L
uag 4. Tus Tulesu (Bromoform) A1 1A 0.1 mg/L [3]
J990UNT2VIUNITHIUITONTO9 (Membrane
I % ax o @ o o 3% Zl
Process) 1JuB M3 Td M unszuIumIthiavy
A @ ¥ a A o w Y Yy
gunedulyuisssuana Ndiunisidaudl 19
H 3 .
AUNINNAYU 189NT0ILVUUT TU (Nanofiltration
I ax A Yo 12 a 3
membrane) 1 U35Msnsoue l¥d miunaniiazoln

a S J A s <3

FIAWNTONNAUAITOUNT IWT 00 UUNTINTUUIALAN

A o =2 =

=) a a =g a 9
uuaiiize 9aunsd samdundoetiunzdunwiald (4]
g Ay ae o 2 A o Y
astnin ldvaihnhndgunmd awnsorhna 14

@ a 3 o o a
sz ToyulunszurumnanindmsuglIna 15 1nn

o =2

STALYATINNTIULALMIINEAT 32UDIM3 1H1BensT o
@ 1 9 @ 9 =
w1 Tudisrgannis l¥nasautazananis lgaisial
a ~ Y 9 = A '
BUNT1ADNA [5] 910N ANEINHIUIINUNTE U
1Wons o uUU 1 @WITaMIIAaIToUNTIAIS VoY
) Yy =y = o
navwa (ToC) lagenedesaz 90 i 95 Mialooou
Uszymen Id)szumiosas 70 fsaaslaserTalimu
Y =2 o w Y ? A~ a
$ooaz 91 D4 98 AIAANUNTEAIUBI N TLAAIFY
fununilidouiovay 8594 95 [6-8] SwmFuilaymvani
YA A o A a
WU IHenTe DU Ty ADMIGARUUUNUA?
A 4 . o -
BI04 FadanansznuIaensinolszansnInns
Muveamsnsed mldmua lanslumsauiiuauy
ds! Y [J [l 3‘, =3 o Y
WINTY LazApIiIANNAZeIARg oA V91 1He Y

9y A a 4
M3 1¥auvestionsesliszeznanauas [9] Iﬂﬂﬂ'ﬁq@



72

'
[ Y

WAIAANTLLN TN 39 R1TUN 2 Uuieu 2565

#UUDITONTBI (Membrane Fouling) @1315910A ba
1 a 4
nanraegluuy 1wy Manalsingmssineung
wu Twan lsisdu (Concentration Polarization) N15NAYY
9
a o <
1IN (Cake Formation) M3NA%119a (Gel Layer) (Hudn
1 < o A =
pd13 lsnewdaliaungdnnatslsemsuenmileain
asdunsdsssunanilfinamgaduuubonses
suuu Ty 5y uauiagensed A UHUITTUD 1Ay
o ? a < 1 a A J
Auanyuzveuiay 1Wudu faliuenanaisounsd
4 ¥ s -
sssumanetany ldluumauh@mAumusssumaudd
§aeINTONUNABDHUNTH (Inorganic Salts) 1¥Y 1NAD
aae'lsa(Cl) tndedala(so,”) indevema(Po,”)
A 4 2- 1 = 4
HAZINABAITUBIUA(CO,) 15U THIABNAITUBIUA
= J A
(Na,CO,) HAAITFYNAITUBIUA(CaCO;) tazLun Ty
<
mfueIua(MgCO,) iiudu
£
uiselivenvindnyinissidaaisounid
ay A Y o =
535uIAATNT0IUUU Tund) deaulafdny
2 @ = 9 aQ
upadsngaa(Caso,) Fagnldlunszurumsnanain
Y ' a
magadinssy Taslsndudiunanlunisnaa
Yududesanaudlflugaainnisueins dmsu
= o I~ [
numsunndz 1FunadouFalail udunauluns
Y
Juziunarmaesdrmsuduilon msinuasezly
uaaFsusaadmsulsTugaau [10-11] Tasnenas
nszUIUMsKARTIsIAlaINaIzgnrzd1aazildes
1 1 30’ a 1 30’ a
agunasiAINETsuna asnalitiuianunszan
o wa 3 g 1 T 1 o [l
mldpuauidvesiniua dawagonisti 11918l
AminaisuazaanansznulaoaseaodaIndow
Tagsou 15u Nemsinbas limngdimsuisrate
a g o I T <
wiia 590 TUAansiaeadad iudu 12 edralsna

J = o @ =)
p9ndszneuvesLAatTaNsala ganalimansznylu

1
A 1 @

. o a A
L%EN"U?N’]Ji%ﬂ AINAADNITTIUAINUAIIOUNGY
ﬁimmmmz‘ﬂﬁ:fguuwummmmaﬂiamuuuﬂu
2 a o v o o o A
uaﬂﬂmuuﬂmcﬁﬂmyaw\lmﬂwmﬂumiﬂszﬂaumnm
o Y a o A ¥y A A a
Vlﬂﬁl,ﬂﬂﬂﬁqﬂﬁluiJLlW’JWHHEJ’EJﬂiE‘NLH?Niﬂﬂﬂﬁ!ﬂﬂ
= &2 A A oA Yy
NANHNTNDU G]NHJuﬁﬁﬂi%ﬂf)'ﬂﬂuu‘ﬂﬁﬂﬂﬁgawqﬂu@EJ
a g A o A '
u,azmmimﬂmﬂumiazmﬂaummam"l@’ﬂuizmn

49 9 X 3
NITUIUNITNTIDN Iﬂﬂﬁ15ﬁ$a"IEJWEGUM‘Ul!ElJu%"IﬂﬂWTﬂu"I

v v A

Yo R A A v
VlWIﬁJLLWiNmLﬂfJﬂ’ifN Lﬂﬂﬂiﬂﬂqﬂﬂﬂﬂuﬁjiagahlmﬂa

Y =2 a o

1% s ldasazanelanuidududagaduda tazan

= [l a Y A o Y a [ 4
nanoguurmingensevinldinanisgaanld [13]
NNNUITeNFIUIN [14] ARYwaveundonii vaua
uaazyianilosoulangszy +1uag +2 wun

v W Aa ] ?,’ o a I
awsaswanulszquanidedluinih ldinadlu
@205 W (Inorganic Scalant) Laiilein135IWAINUNY

a A Aada ] J y a a o a
AM3oUNI 55 suMANTegluunaniAiau i ldina
msgaduveutensouuu luldde nagdidanans
A132AA9YBIBATINITNT0IVOLTENIT0IBNAIY Halu

o A A 9 )
MIAUTUILUVIBDNTBIU TU ADIAILANANMTLTY

=S % ) Y A Y Y a
vosuaatdoudatwaluldiaiududuinu

v

anuasalumsazarwvesasmaniunazdod

Fl [
IHUAIAILINT N1TANHAN (Solubility Index) ¥9019521

I 1 a
Wuannuansalumsazaisluginaguuesdoou
¥041/329UInIALAY (Solubility Products: K, )

o & ao Ay y= o w a
aaiuauIseil IadnnaveImsndaunaLdon

o a o a o g
Farlauaz @150 UNII5ITNHIAINMNITHINIUVD T

A o = Y

aseauuulu Tageaa1nzniinsanyl Jaun 1. A
usatlszquesunamengaa 2. Arlileyvedansazaly
3. ANuuTuveIMsHaNs TR NAaFsuFaany

a a o a = a a
A150UNTITTTNIA TasAnu1sz@NTnInnITnI0d
nAAIMIMIavesasuarmsanasveaddnd tileth
doyaila llgnislszgndlfidonseaunuu Tuldin

Y

Aa A 1 Ao G A

Uszanianuazinunzauas 11 uenviniiduiludn

& A v o Y A o o ¥
ﬁuﬁ‘ﬂ'NL?l@ﬂsluﬂ'luﬂ']ﬁﬂi'ﬂﬂ?\?ﬂﬂ!ﬂ'lwu'lﬁiﬂﬂ'lﬂﬂu']

i 4
TiRe1lse Teninngeuluilgiiv

2. Yaq gUnsainaz3zmsIde
2.1.a50%

P TCRLAL Tt 2T unatseNgaa(Caso,) ¥
15 an %{m’ MU 98% (Analytical reagent, KemAus Ltd.,
Australia) N353 n(CH,0,) n3alalasnaos n(HCI)
36% (Analytical reagent, Ajax Finechem Pty Ltd.,
Australia) 11feulaason lad (NaOH) mmiﬁqw%{

(NN 99% (Analytical univar reagent, Ajax Finechem Pty



Ladkrabang Engineering Journal, Vol. 39 No.2 June 2022 73

Ltd., Australia) Tas@euman Tuda Trld(Na,S,0,) Tinnw
r'd
VIYNFNINY 98% (Analytical univar reagent, APS Fisher
Chemical, England) N5 A% a5 n(CH,0,H,0) 214
< J 4
VIFNTININY 99.5% (Analytical reagent, Loba Ltd.,
India)
a S J a Y 1 %’ Aa a
@150 UNTIFITUIANNOM) @ inunaaiifIau
A a o A R 9 I v 3
vinamyluumImedsguas sl s lailuuranh
avlumswaminszdunomsgl Inauazus Tnanelu
2 @ < 3 o Il (= T
UMINAYA 1ag9InMINUIIAI0819 WuNTUTw
9
A150UNTIAITUOUNINNA 445 mg/L Tin1ganau
uersdaniirlalomann1me1Ind N 254 nm 7 0.185 cm™'An
msilWfegh 31.9 pSem uazliafiteanniny 7.04
2 ¥ a 4 1 a
nnumson Tasinihauainalsuning 1,500 aas 1
Y ’ v '
Mudgnszuaumstniatuduinemiaasandsnid
v lvgjuazin loosunaaidon uazunniiFeun
1 1 a a 4 Zl ?)‘ d’ 1
dINaADNISINAAZNDULUANTDNTBI VINUUTINATY
o o dy Y g o 1
msihtadesdundrvziirldriunszuiunisnses
HUVBDA TNFANUNAL (Reverse Osmosis Membrane)
A Y o a A o a
el iumsnend1sounI g5 Tuma laenszuiums
2 H I T ¥ A 4
Hansoauentoemilu 2 aau fie 1. M wEBens 09
A A ' a &£ 3 2 | ? A~
U391380791 tWolten FadIutaziuinuny
Y dn . A o
aze1age uaz 2.1 lirkugonso Senan AouwILA
= v Y g A ac
TN B3 5ENPUAIYANVTNTUYOIVBIAITOUNT &

a a ' 4
ﬁiﬂJ‘])"lﬂ’s;f\i‘ﬂ'lﬂﬂ'liLlﬂﬂfﬁiﬂu‘ﬂ%ﬂ%ﬂﬂ!ﬁﬂﬂﬁﬂﬂﬂ@ﬁiﬂ

= @ o a A o a 9y 9 S
PFaWUNAUY IﬂﬂﬂguﬁlﬂﬁWS’m‘WﬁEJ‘ﬁiill"])’W]HJllslluslﬂvlﬂ

9y

v
=3 a 9 o a o a
31195 30 8913 MAUWINANTOUNIFFITUMATUTUN
Y g’; o 1 1 Aa a 1
Tavnduneudsna lalumyusntlaaiin uazusy
v a A 3 o a P
neldgungl 4°C 1NN UTIMITNINAITOUNT Y
sssumautuliegluanzniouldaunaz s
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2. MIARNEEMmMsmiaunadeuazdanla Tagdas
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Wandeiazaiv (Solution Flux: I)
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=4 3 d'C! \ o 2 = Q/
MsAny1fITeNIrNanenIAIvALAaIFeNS e
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WaVDIATNIDY
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=
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FI5UHA

CaSO, ttag CaSO,+ NOM

NOM = 10 mg/L, I.S. = 0.01 M, pH 7
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~ A 1 a a ¥ A o q Yt y 9
uAaEENNRgUINAHIMT BN TB I IHTANMTNTY

9y A '

azauhrviugensesfosniniiites 7 uazitow 9
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d‘ =2 ' v 1%
91031 2(c) HaMIANYINATINTENIN CaSO, 111
' v @ H9 Jo o

NOM siomsanasvesmnandgaisazats Taenldlavy
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v o a
Wandensazarenanas
910317 30b)~(c) wamsAnyIAWIIT2U04
CaSo, ApmMsmiadamlanazuaadon AuaIay WU
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L) a

a 1

wasannnaimath i (b) aAnunseilszy caso, ae
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Abstract
This paper presents the application of thermoelectric generator (TEG) plates for converting the thermal energy

generated by the incinerator into electrical energy for utilization and a modified fruit fly optimization algorithm (MFOA)
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is employed to control the cooling system on the cold side of the thermoelectric generator plates. This energy conversion
system consists of a thermoelectric generator plate, thermocouple, cooling system, voltage sensor, and microcontroller.
From the implementation results, it was found that a modified fruit fly optimization algorithm can be used to control the
cooling on the cold side surface to achieve the maximum temperature difference on both surfaces. The energy conversion
system can generate electrical energy with a voltage of 18 V, a current of 0.85 A, at a temperature difference on both
surfaces of 128°C. Moreover, the data of this energy conversion will be recorded on the database with the internet of things

(IoT) communication.

Keywords: Thermoelectric, Incinerators, Optimization Algorithm, Modified Fruit Fly Optimization Algorithm (MFOA),

Internet of Things
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Abstract

The purpose of this paper is to design and analyze the aerodynamics characteristics of a spin-stabilized round shape body
for enhancing the aerodynamic performance of projectile distance through supersonic regimes. In this research, the spin-
stabilized round shape body 30 mm in diameters (XM-788 E1 and XM-789) are used as a benchmark model. In the first step,
the static and dynamic aerodynamic coefficients of these shapes are evaluated using Computational Fluid Dynamic (CFD) in terms
of K-w SST turbulent model. The calculation results are then employed to validate with available experimental data to ensure
the accuracy. Next, the Kriging response surface and Shifted Hammersley Sampling technique are used as an optimization

method for drag minimization. CFD is then employed for drag prediction and stability analysis. The optimization result
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show that the optimized body provides up to 20.52% for drag reduction, while remaining statically and dynamically stable

over the whole range of operating Mach number.

Keyword: Spin-Stabilized Projectile, CFD, Optimization, Kriging response Surface
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feio Moty Unit
Cp : drag coefficient
(drag force / qS)
Cpo : zero-lift drag coefficient -
(drag force / qS)
Cra : lift coefficient derivative -
(lift force / qSD Sin o)
Cua : pitching moment -
coefficient derivative
(pitching moment / qSD Sin o)
Cuq * Cma - pitch-damping moment -
sum coefficient
Cn : normal force coefficient -
(normal force / gS)
: side force coefficient -
(side force / qS)
Crpa : Magnus moment -
coefficient derivative
(Magnus moment / qgSD
(PD/V) Sin o)
Cna : normal force coefficient -
derivative (normal force /
qSD Sin a)

Re : Reynolds number based -
on bullet diameter (pVD/p)
: moments of inertia gm—cm2

m : mass kg

M : Mach number -

N : normal coordinates

q : dynamic pressure, N/m
(12pV?)
SgsSa : gyroscopic and dynamic -
stability factor
A% : freestream velocity m/s

p : density kg/m3
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Abstract

In supply chain management, inventory plays a key role to deal with demand and supply uncertainty aiming to
guarantee a smooth flow of materials and products along the chain. This paper focuses on determining the suitable
values of Q and r in the (Q,r) inventory control policy model when it was applied to the situation of nonstationary but
known to be empirically discretely distributed of product demands and lead times. The total cost ( 7C) and service level
(SL) were used to measure the policy performance using an Excel-based Monte Carlo Simulation (MCS) approach
with a set of actual historical demand data from an automotive tire service store. Results from the MCS indicated that
the (Q,r) model could lead to 12.36% lower TC with 2.31% higher SL, on average, when the Q and r values were
determined based on empirical discrete distribution compared to that of normal distribution. Therefore, the empirical
discrete distribution of demand and lead time should be utilized in a situation where the assumption of normal and

other traditional distributions is invalid.

Keywords: Inventory Control Policy, Empirical Discrete Demand Distribution, Excel based Monte Carlo Simulation,

Automotive Tires

1. Introduction Numerous evidences from both practices and

As a member of the supply chain, a retailer buys researches [5] have indicated that difficulty in selecting

products from upstream members and sells them to its the suitable inventory control policy directly relates to

customers at a certain retail price. The difference between variation, especially for the circumstance with unknown

the retail price and cost that includes unit operations cost and nonstationary demand [6-9]. This is true for the

marks the profit per unit. To increase the profit and to situation of the automotive tire service store who orders

maintain, perhaps to gain, competitive advantage, the tires from manufacturers or wholesalers in advance,

retailer must try to reduce the cost of its operations
related to holding of such products while maintaining
customer service [1-2]. Thus, adopting an appropriate
inventory control policy to match the variation of
customer demands, then, has become vital and challenged
for the retailer [2—4]. This decision is, commonly, a part

of inventory management strategy.

stores them at a warehouse until they are sold to
customers. It is clear that the exact customer demands are
not foreknown and normally are not constant over time
[10].

Most continuous review of inventory control policies,
decisions on the order quantity (Q) and the reorder point

(r) are needed for each product to meet customer
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requirements with reasonable cost. The customer service
level (SL) is usually set as the target to achieve with
minimum (or at reasonable) total cost (7C) [2],[8—12].
Thus, SL and TC are generally used as the main indexes
to evaluate the performance of an inventory policy and
are significantly affected by the parameters O and r. The
appropriate values of O and r closely relate to the
behavior of demands and lead times. Therefore, it is
important to statistically understand the demand and lead
time behaviors which can be pointed out when sufficient
historical data is available. Much of the research about
inventory control policies have assumed that demands are
normally distributed with a known mean (u) and standard
deviation (O) [8],[13-14]. Some recently applied
researchers have extended their analysis to Poisson [9]
and Exponential of demand distribution [1 5] with
constant lead time. However, some historical demand
patterns do not statistically match any of the traditional
distributions while the ordering lead times are not always
constant [1 0]. Therefore, the empirical distribution
should be assumed in the evaluation of an inventory
control policy.

This paper considers the situation of nonstationary
but known to be empirically discretely distributed of
product demands and lead times, focusing on determining
the suitable values of Q and r for the (Q, r) model. The
TC and SL of the model are determined using the Excel-
based Monte Carlo Simulation (MCS) approach with a
set of actual historical demand data from an automotive

tire service.

2. Backgrounds

This section is separated into 2 subtopics. The main
performance indexes of inventory control policy are
discussed in Section 2.1. A brief literature review related

to the problem scenario is discussed in Section 2.2.

To discuss mathematical models related to inventory
control concepts throughout this paper, the following
notations are defined.

t  Subperiod in a planning time

T  Planning horizon

C, Ordering cost (baht/unit)

C, Carrying cost (baht/unit/period)
C, Shortage cost (baht/unit)
Cgx Expediting cost in (baht/time)
D,  Product demand for ¢

d  Average demand

L, Ordering lead time ¢

L Average ordering lead time

Q  Order quantity

Q*  Optimal order quantity
r  Reorder point
Available inventory for ¢
SS  Safety Stock
SL  Customer service level
SL,, Target customer service level

TC  Total cost

SD, Satisfied product demand for ¢
Z, 1ifan order is placed at the end of 7 or 0 otherwise
L. Average inventory for ¢
I, Inventory at the beginning of ¢
I.,q. Inventory at the end of ¢

Shortage units for ¢

I} Dummy inventory at the end of ¢

CC, Carrying cost incurred for ¢
OC, Ordering cost incurred for ¢
SC, Shortage cost incurred for ¢

f(Dm) Probability mass function of D,
F(A) Cumulative distribution function of 4,
E(D,) Expected value of D,

OR,

Order received at the beginning of ¢

AV, Order arrival time for order placed at the end of ¢
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The dummy inventory at the end of period ¢, (If),
is determined using Z,,,,, +Q.Z, to prevent reordering if

the preceding order has not arrived.

2.1 Performance Indexes

The main reason to employ an inventory strategy is to
meet customer demand, especially in a retail operation [1-
2],[16]. However, the demand is usually not known for
certainty. Thus, it is not always possible to hold exactly the
amount of product demanded. In practice, with selected
inventory control policy the additional amount of
inventory, called safety stocks (SS), is kept on hand to
increase the ability to meet the product demand in a timely,
efficient manner. The higher expected SL requires a higher
inventory level and, thus, higher inventory costs.

The actual SL of any product, as shown in Equation (1),
is the ratio between the total satisfying demand and the
total demand for the entire controlling period (denotes by

1) [21,[9].

_ Ttz S0
- T
Zt=1 Dt

SL

(1

The target (or planned) customer service level (SL,)
may be set at the beginning of the controlling horizon. The
demand for the product for subperiod t is a random
variable. SL, is simply the probability of demand for
subperiod t (D,) being less than or equal to the available
inventory for the same period (4,). For period t, the
probability is given by the cumulative distribution function

F(4,), which can be expressed in Equation (2).

SLige = Fy(Ay) = P[D, < A.] 2

Where P represents the probability of the term in the
bracket. The expected service level for the entire planning
horizon can be expressed as [[F=; Fr(A,). Obviously, at

is a function of the order quantity Q and reorder point 7. In

practice, shortage cost may occur when the condition in
Equation (2) is violated for some t’s which would pull the
overall SL down and damage the image of a company (or a
retailer). Numerically, the shortage cost is added to the
total inventory management cost to better enumerate the

situation and it is given in Equation (3).
TC = ¥1-1(Z,Co + Lupg - Cc + Cs) (3)

1

g €an be calculated from (7,,,, + 1,,,,) /2. The value

of C, may vary depending on how the shortage situation is
handled. Assuming that there is no other constraints, the
inventory control policy should be selected and
implemented in order to maximize the SL with the

minimum 7C or to minimize the 7C with acceptable target

SL, regardless of demand distribution.

2.2 Literature Review

Some books [1-2],[16], and many research papers
described the importance and details of inventory
management. The recent versions tended to emphasize more
on the supply chain [1],[3],[10]. Bedworth and Bailey [16]
explained the principle of EOQ and how it can be
implemented with a variety of inventory control policies
under deterministic assumptions. They also have suggested
how to use safety stock in dealing with stochastic conditions
with an underlying normal probability of demand and lead
time. Applications can be found in [17-19]. Similar
background can be found in Russell and Taylor III [1] with
more emphasis on supply chain management. Lila [2]
provided detail regarding how to set up Excel spreadsheet for
inventory control using the Monte Carlo Simulation
approach. Implementation and adaptation of such technique
can be seen in numbers of application researches, [8—
101,[12],[14],[20], for example. All of them tried to
determine the appropriate inventory control policies with

uncertain demands. Silsat and Lila [8] applied to the case of
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consumable items that their demands did not dependent on
finished products and are highly fluctuated. Mahitpan, Lila,
and Kunadilok [9] and Pengsawat [12] applied to spare parts
for maintenance of critical equipment. Smmutranukul and
Phanvijitsiri [10] compared performance between the (Q, r)
and (7, S, s) models for a tire service store while Leepaitoon,
and Bunterngchit [20] studied similar cases but demands
were generated based on the maximum, minimum and
average of historical data. Ruanghiranwanich and Lila [14]
used the MCS to find a suitable order quantity of parts for
electronic products. Some other researches about inventory
management have utilized high-level simulation programs to
study the performance of inventory policies with uncertain
demands [6-7],[11],[19]. Abuizam [6] studied the periodic
inventory model using Parasade@RISK simulation.
Cholodowicz and Orlowski [7] considered inventory policy
for perishable products that have Weibull demand
distribution using System Dynamics. Limbuan and Lila [11]
used ARENA to simulate the (Q, r) and the (7, S, s) models
for uncertain but low demands for spare parts. These
researches resulted in a saving of 7-25% of inventory
management cost compared to the before-studied policies
through numerical cases.

Based on the reviews, it is obvious that the simulation
technique is an appropriate tool for use in studying inventory
control policies with stochastic conditions. To overcome the
burden of buying specific simulation programs (normally
with high cost) and learning how to use them, Excel is a
convenient choice since it is most certainly available with any

computer.

3. Inventory Control Concepts

Inventory refers to items or products that are kept to satisfy
the future demands that are random variables [2]. Holding
insufficient inventory may lower the S while having too large

inventory incurs costs. An appropriate inventory control policy

can help to minimize the costs while meeting acceptable SL.
The basic parameters needed are order size, reorder point and
safety stock.

With known and constant demand, no shortage and
instantaneous assumptions, the optimal order quantity is

determined using Equation (4).

o _ [2ZDeco
Q"= o @)

The quantity Q' is enough to fulfill the constant demand
for Q* /d Periods and minimizes the total cost. In this case 7C

in Equation (3) can simply be written as shown in Equation (5).

TC = CQZ P 4 Colang )
The amount Q" is reordered when the inventory level is less
than or equal to the reorder point 7, that can be set using

Equation (6).
r=d.L )

If the lead time is also constant, the time between each
order is placed, remains the same.

In reality, the deterministic condition about demand and
lead time are usually not true. Thus, SS is enacted to deal with
the stochastics conditions. This requires an analysis of
statistical behaviors for both demands and lead times through
historical data. In the case that demand and lead time are
normally distributed, SS could be calculated using several
equations explained in [1],[2],[5],[16]. However, the focus of
this paper is on the case of an empirical discrete demand. In any
period, D, can take any value in position i in a discrete random
variable having f(D,,) as its probability mass function (PMF)
as depicted in Table 1. D, represents the mid-point of each
class 7. For subperiod ¢, D, can be classified into classes, i starts
from 1 and increases upward. Each class i has probability of

occurrence of (D, ). The actual demand value (D, ) is assumed
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to be discretely uniformly distributed between the lower (LD,)

and upper (UD, ;) bounds of each class i.

Table 1 Probability mass function of Dt

Class, | D, LD, UD,, f(D,)

1 Dtml LDt,l UDt,l f(Dt,l)

2 Dtm2 LDt,Z UDt,Z f(Dt,Z)

u Dtm3 LDLu UDt,u f(Dt,u)
u+1 Dtm,u+1 LDt,uH UDt,uH f(Dt.uH)

Thus, in any subperiod, holding inventory greater than
or equal to E(D,,), statistically, corresponding to >0.5 or
50% SL. The variable 4, in Equation (2) also represents the
reorder point » to reach the SL,.. Based on this relationship,

the 7 is then derived and can be expressed in Equation (7).

r=EDy) + X, ft(Dyi) (7

The term Y2, f;(Dy,;) is the cumulative probability
function of D, with values ranging from class i = 1 to class
i = u that enable  satisfies the SL,,. Thus, it also represents
the SS.

The lead time is often easier to manage as it does not
vary in a wide range [9],[10]. The probability mass
function L, can be defined using discrete probability as

shown in Table 2.

Table 2 Probability mass function of L,

L, f(L)
1 f(L,)
2 f(L,)

L flL)

In this paper, performance indexes (SL and TC) of
the (Q, r) model was investigated if it was implemented
as the control policy at a retailer for an automotive tire
service where demand and lead time are empirically
discrete random variables. The concept of the (Q,r)
model is the quantity Q is ordered and is reordered once
the inventory depletes to the level of r or lower. The
process repeats for the entire planning horizon.

The investigation was performed through the Monte
Carlo Simulation on Microsoft Excel. The development

of such simulation model is explained in Section 4.

4. Excel Based Monte Carlo Simulation

Monte Carlo (MC) is a technique to generate random
variables of interest from a known behavior [2].
Subsequently, such variables can be used in the logic of
a simulation model or a system to evaluate its
performance. This type of model is often referred to as
the Monte Carlo Simulation (MCS) [2]. This paper built
the MCS on Microsoft Excel Spreadsheet to simulate the
performance of the (Q,r) model. The MCS for T periods
was constructed for individual tire model having TC and
SL as performance indexes, the logical concepts and their

corresponding Excel formula are explained in section 4.3.

4.1 Input Parameters

In Fig. 1, the main inputs for the MCS model consist
of the following.

1) All cost parameters including Co, Cc, and Cs,

beginning inventory, CEX and SLtg. These
parameters were placed on the top left, above the Logic
model.

2) The starting values of Q and r which were
determined using Equations (4) and (7), respectively.

3) Distributions of demand and lead time in the form

of empirical discrete probability tables.
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4.2 Generation of Random Variables
The demand (D)) and the lead time (L) are the main
random variables. With the discrete form for D, as shown in
Table 1, the value was generated using a nested VLOOKUP()
function that performs the following 2 steps;
1) Select the class i based on the given discrete
probability function.
2) The value of D, was generated based on a discrete
uniform distribution between the LD,; and the UD,;
. The generated values must be rounded to the
nearest whole number if the demand are integers.
Similarly, but easier, the L, was generated using a
VLOOKUP() function based on its probability mass function

when the order was placed.

4.3 Logic of the Model
Logics of the MCS can be described as follow;
1)  Generated the pseudorandom numbers (77, for all
£’s using a rand() function.
2)  Generate D, using the nested VLOOKUP() function
from its PMF’, for all #’s.
3) Fort=I,

a. Set/,

int,1

= beginning inventory (,,,,), and ,,,,
=1,,4., for the remaining periods.
b.  Set OR, =0, indicating a starting period.

4)  Setd,=1,

int,t

+ OR, forall £’s
5) SetSD,=Min(D, A) forall s

6) Setl

end,t

=A4,-SD, forall £'s

7 SetZ=1,ifl,,, + Q.Z <ror 0 otherwise.

8) If Z =1, generate L, using VLOOKUP function
from its PMF, or O otherwise, for all £’s

9) SetdV,=t+1+L,ifL,# 0 or0 otherwise.

10) Fort>1toT,
a.  Set OR,= countif{range from I to t, )*Q
b. Setlf=I,-SD, +Q,ifZ, =1orlf=

I{_1 SD, otherwise.

11) Costs calculation,

a. CC=C.L,
b. OC=C,.Z
c. SC=Cy,+C.D,-A),
if D,- 4,> 0 or 0 otherwise.
The concept used in calculating shortage cost was based on
actual practice that the owner would always seek available
products from a nearby store when he/she did not have what the

customer wanted. Therefore, the expediting cost (Cy,) would

occur along with loss of some profit which refers to as C..

4.4 Output Analysis

The TC and SL could be determined based on the
relationship in Equations (3) and (1), respectively. In the MCS,
TC is simply the summation of CC, OC, and SC, for all periods
t=1to T. Similarly, the SL is the ratio between the summations
of SD, and D, for all periods t=1to T.

The MCS was verified by comparing its 7C and SL with
manual calculation when the known and constant demands and
lead times were entered. The result indicated that the MCS
model worked properly and can be used for further analysis.

Equations (5) and (7) were utilized to determine the values
of Q and r, respectively. The fact that the aspect of stochastic
lead time was not considered in Equations (7), the values of Q
and » were only set as the starting values in the MCS. The 7C
with values of Q and r varied from -50% to +100%, with 10%
step, from their starting values were run to find the minimum
TC with acceptable SL (SL > SL, ). For each combination of Q
and 7 values, the number of simulation runs was determined
according to the criteria that the error (half-width, HW) of 95%
confidence interval (CI) of the 7C must be less than 10% of its
mean. After the Q and r values were set to use in the MCS
model to investigate the performance of the (Q, ) control

policy in the interested case.

5. Numerical Case
In this paper, the real historical weekly units sold of the

highest demand tire model at an automotive tires retail
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service located in Chonburi province was collected
between 2019 to 2020, along with its order lead times.
Statistically, based on the sum of the square of error, at
0.05 significant level, the demand and lead time behaviors
did not match with any traditional probability distribution.
Therefore, empirically discrete distributions seem to be the
best functions and are in Tables 3 and 4 for demand and
lead time, respectively.

From Table 3, the average (E(D,)) is 82.85 units and
standard deviation (SD) of D, is 47.85 units. Similarly,
from Table 4, the average (E(L;)) is 1.1 weeks and
standard deviation (SD) of L,is 0.3 weeks. Other relevant
information of this tire model was collected and is

provided in Table 5.

Table 5 Relevant information (cont.)

Table 3 Distribution of D, (units/week)

Class, D, LD, UD,; f(D,;)
1 15.150 0.000 30.300 0.08
2 45.451 30.301 60.601 0.27
3 75.752 60.602 90.902 0.37
4 106.053 | 90.903 | 121.203 0.13
5 136.354 | 121.204 | 151.504 0.02
6 166.655 | 151.505 | 181.805 0.06
7 196.956 | 181.806 | 212.106 0.08
Table 4 Distribution of Lt (weeks)
L, f(L)
1 0.90
2 0.10
Table 5 Relevant information
Item value unit
Unit cost 2850 Baht/unit
C. 2.39 Baht/unit/week
C, 2000 Baht/order
C, 82 Baht/unit

Item value unit

Cex 1000 Baht/time
Annual Demand 3779 units
Beginning Inventory 322 units

SL,, 0.85

According to reasonable management of the store
manager, 7C for the 2019-2020 years were evaluated to be
93,877 baht/year with 1.00 of SL. These numbers would be
used as a baseline for comparison with the indexes getting
from the MCS.

The starting values of O and r were calculated to be
297.31 units and 173.85 units, respectively (E(D,) = 82.85,
from class i =1 to u = 3, SS = 91 units). The SL,, was set
to 0.85 (with r = 173.85 units, according to Table 3, this
value falls into class 6, thus the SL, of 0.87 could be
expected). The values of Q and r were rounded to 300 units
and 170 units, respectively, and were used to run the
experiments by varying Q from 150 to 600 and varying r
from 85 to 340, with 10 runs for each combination which
was enough since the half-widths were between 3.78—
7.65% for TCs, and were between 1.55—2.29% for SLs, for
all combinations. The outcomes showed that the minimum
TC occurred at the combination of Q =330 and » =204 and
221, with SL at least 0.945. To confirm the outcome, r =
210 was chosen at set to run the MCS to find the optimal

Q. Results are shown in Fig. 1.

120000
110000 L
100000

20000

80000 -

otal Cost (baht)
4

70000

60000

50000
100 1500 200 250 300 350 400 450 500 550

Order Quantity, Q {units)

Figure 1 7C from » =210 units
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From Figure 1, the minimum 7C could be found with
O between 300 to 400 units. The value of Q = 350 units
and » = 210 units were set to run the MCS again for 30
runs. Statistical results of 7C and SL are given in Table 6.
Half-widths of both 7C and SL deviate from their
means of only 4.68% and 1.03%, respectively. Therefore,

results from 30 runs of the MCS were statistically accurate.

Table 6 7C and SL from the MCS

Statistics 7C SL
Mean 77682 0.968
SD 7599 0.022
HW 3638 0.01

The analysis also indicated that if the (Q,7) model was
implemented, about 17.25% (93,877 - 77,682 = 16,195
baht/year) of the total inventory management cost could be
reduced with expected SL dropped from 1.00 to 0.968, or
around 3.2% decrement.

Performances of the (Q,r) model were also compared
based on normal and discrete distributions of demand and
lead time. Input parameters that were used in 30 runs of
the MCS for the two underlying distributions are provided

in Table 7.

Table 7 Input parameters for normal and discrete distribution

Parameters Normal Discrete
M (unit/week) 71.69 82.74
O (unit/week) 46.27 47.77
O (unit) 300 350
7 (unit) 176 210

For normal distribution, the value Q from historical
demand was 297.32 (rounded to 300) while the value » was
calculated from Dy.L; + Zggs.SD.y/L;. On the other

hand, for discrete distribution, the values Q and r were the

result of the experiments discussed previously. The

statistical results are given in Table 8.

Table 8 7C and SL from the MCS between normal and

discrete distribution

Normal Discrete
Statistics
TC SL TC SL
Mean 88640 | 0.946 77682 0.968
SD 13504 | 0.027 7599 0.022
HW 5043 0.01 3638 0.01

Half-widths for all values of 7C and SL for both
distributions were within 6% of their respective means
indicating that 30 runs were reasonable accurate.

The means of 7C and SL getting from the use of normal
and discrete Q,7 parameters were compared using 2 unequal
variance t-tests. Results, as shown in Table 9, strongly
indicated that there were differences in both means at 0.05
significant level. The Q,r parameters from the discrete
distribution return, 10,958 baht/year or 12.36% lower 7C and

0.022 or 2.31% higher SL than that of the normal distribution.

Table 9 Result of t-test of 7C and SL from MCS between

normal and discrete distributions

e SL
Items
Normal | Discrete | Normal | Discrete

Mean 88640 | 77682 | 0.946 | 0.968
SD 13504 7599 0.027 0.022
Observations 30 30 30 30
Hypothesized | Mean Diff. = 0 Mean Diff. =0
p value 0.0003 0.0011

6. Results and Conclusions

This paper aimed to determine the suitable values of O
and r in the (Q,r) inventory control policy model when it
was applied to the situation of nonstationary but known to

be empirically discretely distributed of product demands
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and lead times. The product demand for each period (D)) is
defined in the form of an empirically discrete classes while
the discrete uniform distribution is assumed to represent
the random distribution of demand within a class. The
Excel-based Monte Carlo simulation (MCS) approach was
described in detail and utilized to evaluate the performance
of the model in terms of 7C and SL. Application to the
numerical case of a high-demand tire model of an
automotive tire service store demonstrated that the MCS
can be used to estimate the outcome of the (Q,r) model
efficiently. Based on the set of historical data used in this
case study, result from the MCS also showed that setting
of the inventory control parameters with the discrete
distribution of demands and lead times of products led to
significantly better performance in terms of 7C and SL than
that of the normal distribution. Thus, the method proposed
should be utilized in a situation that demand and lead time
do not seem to be normally distributed or match with other
traditional probability distributions. The MCS can also be
modified to fit the concept of other similar control policies.
However, this paper did not perform the sensitivity
analysis of the C,, C,, Cpy, and C, parameters as they may
influence the performance of such control policies, since

they are generally fixed for a specific situation.
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Abstract
This study presents the improvement of the storage location for the finished goods warehouse in sportswear manufacturing.

The objective is to increase the efficiency of finished goods storage in more operational work. In the current condition, the
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warehouse has stored finished goods at the non-fixed location explicitly, causing them to take long time for moving to the storage

location. Therefore, the authors determined the locations for storing the products. ABC analysis with the concept of grouping

analysis theory was applied to organize into groups of goods from its movement. In addition, MATLAB, software for computing

the storage location on the principle of the binary integer linear program, was enhanced to determine the location for storing

products appropriately by considering the moving time significantly. As a result of the study, the storage improvement by the new

storage location enhances to diminish the overall storage time of the classified group A and B to 16.12 % and 11.55%, respectively.

Classified group C has an average moving time of 23.71 seconds per one shelf.

Keywords: Fast mover closest to the door method, ABC analysis, Binary integer linear programing, Inventory turnover
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