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Objectives

The journal of industrial technology is an academic publication which devotes to be a medium
to disseminate knowledge, research, invention, and innovation for academics. The article provides and
reports of interest to the field of engineering technology such as mechanical engineering, civil
engineering, electrical and electronic engineering, chemical engineering, materials engineering,
production engineering, industrial engineering, environmental engineering, energy and renewable energy
engineering, computational engineering and etc.

For publication, the submitted articles will be reviewed through a preliminary assessment
process for the quality and scope of the content, duplication, and plagiarism by the editorial board and
then evaluated for an academic quality for an academic quality by at least 3 experts in related fields.
The authors and reviewers do not know each other's information (double-blinded peer reviews). The
high quality-reviewed manuscript will be considered to be accepted for publication. For the last step, the
editorial board will verify and proofread the articles before online publishing and printing out all in the
journal for further publication.

In addition, the research and academic works published in this journal are considered as the
independent opinions of the author. The author is responsible for any legal consequences that may

result from the published articles which editorial members not always necessary to agree.

Publishing Schedule

The journal of industrial technology is published in 3 issues per year. Issue 1 will be published
between January and April of every year. Issue 2 will be published between May and August of every

year. Issue 3 will be published between September and December of every year.
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Abstract: The clayed soil from the sediment-trapping sump of the Mae Moh mine was examined to produce
Portland pozzolan cement. The X-ray diffusion (XRD) analysis showed that the clayed soil consisted of
kaolinite. After heat-treated at temperatures in the range of 700-900 °C for 3 h, the clayed soil samples were
mixed with ordinary Portland cement at the ratio of 0, 10 and 20 wt.%, and then cured in lime water for 3, 7
and 28 days, respectively. XRD results of the cement samples from the process revealed pozzolanic phases
as Tobermorite (Cas(SigO46)(OH),.4H,0) and Foshagite (Ca,(Si;O4)(OH),) or CSH structure. Consequently,
the 100 and 700-900 °C of heat-treated clayed soils were mixed with ordinary Portland cement and sand to
form the mortar in the proportions of 0, 10 and 20 wt.% according to the mortar forming standard. The mortar
sample was formed in a brass mold of size 5 x 5 x 5 cm., then cured in lime water for 3, 7 and 28 days
respectively. The properties of the samples were tested according to the TIS 849 standard. The results
showed that the samples with 10 wt.% of 700 - 900 °C heat-treated clayed soils achieved compressive
strength according to standard. The samples with 10 wt.% of 800 °C heat-treated clayed soil after being
cured for 28 days have maximum compressive strength. This study shows the potential of clayed soil from

the sediment-trapping sump of the Mae Moh mine for use in Portland pozzolan cement production.
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Abstract: The objective of this study is to investigate the influences of aging and inflation pressure on the
stiffness and absorbed energy of radial tires. By quasi-static compression test, new and 50,000-km used tires
were determined for acting force and corresponding displacement. Between the 172.4 kPa and 241.3 kPa
inflation pressure range for the new tire, the load was linearly increased with displacement. The
absorbed energy was non-linear increasing with the displacement. The trend of the accumulative
absorbed energy was increased when inflated the tire pressure. For both new and used tires, the
stiffness and the absorbed energy were linearly increasing with the inflation pressure. The used tire was
harder than the new tire observed by the higher tire stiffness and can be absorbed greater energy. At
the rated inflation pressure of 220.6 kPa, after 50,000 km usage, the tire was intensified by 2.62% in
terms of stiffness and by 2.22% in terms of energy absorbed. On average, over the inflation pressure in
the range of 172.4 kPa to 241.3 kPa, the stiffness and absorbed energy were by 3.22 % and 2.98 %

increase for the aging tire compared to the base new tire.

Keywords: car; energy; passenger; stiffness; suspension; tire
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1. Introduction

The tire is a friction material that plays a vital
role in vehicle stability and performance. A driving
power source requires tires to transmit a traction
force onto road pavement through transmission and
driveline systems [1]. Tires are the first contact
between a car's chassis and road surface [2],
especially during cornering under lateral force. Tires
are in a suspension system of a vehicle that has to
bear vehicle weight and road-generated vibration
[3]. New-developed tires are, therefore, concerned
with all performance aspects.

In an aspect of the suspension part, the tire has
been modeled in various manners [4]. In a mass-
spring-damper vibration model, the tire is usually
considered as a spring and/or damper [5] with a
complex nonlinear system [6]. Yu et al. (2016) [7]
simulated a combined stiffness of leaf spring and
tire assembly. Kim et al. (2015) [8] equipped a
sensor to the tire and measured the strain that
occurred. The hardware in the loop (HIL) system
was simulated to study behavior. The measured
strain has been founded to link with force and
energy related to lose in terms of acoustic [9],
especially tire texture that can generate different
noise spectra [10].

During traction, longitudinal friction force
performs its duty in sprint driving the vehicle [11]. In

particular when cornering where a tire may deform

[12], tire-road friction coefficient and tire stiffness

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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change depending on vehicle weight and speed
[13]. This generates rolling resistance [14-15] and
the roughness of the road excites the contact
surface of the tire generating a vertical force
perpendicular to the traction. These lateral, vertical,
and longitudinal forces are combined as an input to
the vehicle’s mass-spring-damper system that has
to be properly managed [16].

Parts of these force-derived energies can be
harvested [17]. Roshani et al. (2016) [18] collected
asphalt pavement road vehicle-induced stresses
and transfer them into electricity through the
piezoelectric disks. Later on, energy harvesting
systems from dampers (shock absorbers) have
been developed by Zhang et al. (2017) [19] and
Zhang et al. (2018) [20]. For the tire itself, Maurya
et al. (2018) [21] made an energy harvesting and
strain sensing system for the autonomous vehicle.
The system provides a power output of approx. 580
MW at 16 Hz from the energy harvester mounted on
a section of a tire that can power 78 LEDs. From
these scenarios, tire stiffness plays an important
role in the effects of other resultant outcomes and is
also affected by other parameters concerned.

Stiffness in every part of the tire and directions
that forces act on can be determined by various
methods [22]. Misiewicz et al. (2016) [23] estimated
the carcass stiffness of agricultural tires on hard
surfaces. The tire load-deflection method was used

under a variation of inflation pressure 0.5 to 2.5x10°
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Pa. The load was founded to increase with
increasing deflection. Liu and Gao (2018) [24]
analytically investigated nonlinear sidewall stiffness.
The rigid-elastic coupled tire model was employed
with heavy truck tires under impulsive loading
conditions. Liu et al. (2019) [25] modeled the
combined sidewall stiffness of heavy-loaded off-road
tires. The sidewall radial stiffness was directly
increased with increasing inflation pressure in the
range of 0.3 to 0.8 MPa. Xu et al. (2022) [26]
studied the structural performance of tyre walls on a
full scale. A hydraulic loaded puncher with LVDT
was equipped in the test machine to in determining
the force and lateral displacement of the tires in a
lump scale. The lateral stiffness declined during
increasing lateral displacement.

While a car is in movement, tire stiffness is
altered to some certain extent. Xu and Ahmadian
(2013) [27] improved stiffness and damping
suspension systems on tire load transfer during
cornering. A nonlinear variable stiffness tire model
was simulated whereas normal (vertical) and
braking (longitudinal) forces were determined

depending on time and conditional excitation
applied. In the meantime, Soltani et al. (2015) [28]
optimized tire vertical stiffness based on the ride,
handling, performance, and fuel consumption
criteria. The optimized tire stiffness was in the range
of 100 to 300 N/mm up on certain criteria chosen.

Lian et al. (2015) [29] estimated cornering stiffness

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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and sideslip angle by simplifying lateral dynamic
models for an electric vehicle using lateral tire force
data. After simplification, the front and rear
cornering stiffness were reduced, to the maximum
values of 80 and 30 kN/rad, respectively. Ni et al.
(2017) [30] expanded tyre cornering stiffness
simulation for AWD electric vehicles to analyze for
static stability. Lateral and longitudinal forces were
dependent on vertical load and slip ratios. During
rotation, Kim (2009) [31] numerically simulated the
rotational stiffness of radial tires. The rotational
stiffnress of the tire was directly increasing with
leveling inflation pressure in the range of 50 to 300
kPa. Its behavior was explained by the macroscopic
shear modulus of carcass ply and sidewall.

In aspects of the material, different constituents
of tire parts cause a diverse stiffness behavior. Tao
et al. (2018) [32] integrated carbon nanotubes and
rubber composites as the cord. By simple swelling
and infusion method, these smart cords were viable
to sense interfacial strain and damage from static
and cyclic loadings. By static electro-mechanical
test, its stiffness was constant; the loads were
linearly proportioned to the displacement in the
range of 15 to 25 mm. Low-hysteresis run-flat tire
was investigated by Bae et al. (2019) [33] for
structural and vertical stiffnesses by considering
strain energy. Vertical stiffness with linear relation to
the inflation pressure of the run-flat tire was higher

than that of the regular tire. Li et al. (2020) [34]
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doped the AlL,O; - rGO network to enhance the

mechanical  strength  of natural  rubber
nanocomposites. In addition, compounded tread
rubber-affected winter tires were also investigated
by Shenvi et al. (2022) [35].

Other independent parameters can affect tire
stiffness dependent on the conditions applied. Pillai
(2006) [36] Inflation pressure effect on whole tire
hysteresis ratio and radial stiffness. Linear
correlations between stiffness and inflation pressure
were proposed. Tire-road contact stiffness was
simulated by Winroth et al. (2014) [37]. The contact
stiffness was nonlinear to the indentation while the
contact force was

indentation after 0.05 mm. Wright et al. (2019) [38]

linearly increasing with the

worked on SUV tire aging that was worn in certain
conditions; these changed the ftire stiffness and
friction properties. For agricultural tires, stiffness
changed as a function of tire wear was reported by
Becker and Els (2022) [39].

Previously published works have used vehicle
tire types as specimens of their studies, even for a
variety of materials used as tire’s parts. Meanwhile,
limited work has been done on the stiffness change
that results in the absorbed energy of radial tire.
Besides, there is less available information for aging
tire and inflation pressure impacted on these
independent parameters. In subsequentness, some

other aspects have not yet been revealed according

to these matters.

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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The objective of this study is to investigate the
influences of aging and inflation pressure on
stiffness and absorbed energy of the radial tires. By
quasi-static compression test, a new and 50,000-km
used tires were determined for acting force and
corresponding displacement. In this scheme, load
and absorbed energy behavior were first explored.
Dependency of tire stiffness and absorbed energy
on inflation pressure will be later disclosed. Lastly,

the influences of tire aging will be analyzed and

discussed.

2. Materials and Method
2.1 Tire Characteristics and Composition

The experimental study was conducted using
two tires with both 185/60 R15 sizes from the
same manufacturer. One was a new tire and the
other was a used tire (50,000 km, approx. 3
years). Both tires were newly manufactured in
mid-2018 with a depth of 4.8+0.06 mm averaged
from eight points along both longitudinal grooves
at 220.6 kPa, 35°C. The tread pattern of the test
tire and nomenclature are shown in Fig. 1. There
were two wide longitudinal grooves symmetrically
lined in the middle of the tire. Sipe and block in
the middle isle were asymmetrically inclined.

The tire cross-section and compound are
shown in Fig. 2. There are four key parts: liner,
bead wires, sidewall, and tread which were made

of composite materials. The sidewall and the tread
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were two-plied and made from polyester. The liner 2.2 Test Apparatus
was a one-ply polyamide for material with two The tires were tested by the quasi-static
steel belts across the tire circle. method using a Shimadzu Hydraulic Universal

Testing Machine (Model: UH-1000kNX). The

Lateral groove Tie bar

machine is a computer-controlled electro-
hydraulic servo type. The force was measured by
cylinder internal pressure with a high-precision
pressure cell within £1.0 % of the indicated value
(when the force is 1/1 to 1/250 of the rated
value). This conforms to JIS B7721 Class 1, ISO
7500/1 Class 1, and ASTM E4 standards. lts

digital force was displayed with a resolution of

Sipe Block 1/200,000. Its stroke measurement was by the
Longitudinal groove optical encoder with a digital display in 0.01 mm
resolution. The quasi-static test apparatus is

Fig. 1 Tread pattern of the test tire and

depicted in Fig. 3.
nomenclature

Bead
Fig. 2 Tire cross section and compound Fig. 3 Quasi-static test apparatus
The Journal of Industrial Technology (2022) volume 18, issue 3 http://ojs.kmutnb.ac.th/index.php/joindtech
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2.3 Tire Stiffness and Absorbed Energy
Determination

The Universal Testing Machine was capable
of applying force as a load to the tire
correspondingly under the measurement of
(stroke). The

displacement slope of the

corresponding force and displacement is
considered the global tire stiffness. Meanwhile,
the area under the force-displacement curve is
the absorbed energy. By this definition,
accumulative absorbed energy over displacement
can be readily calculated and properly displayed

throughout the paper.

2.4Test Condition and Method

Both tires were separately placed on the test
machine under specified conditions. For the load
and absorbed energy behavior study, each tire
was inflated for the pressure value range of
172.4 kPa (25 psi) to 241.3 kPa (35 psi) with a
gradual stepping increment of 7 kPa (1 psi).
This inflation pressure range was chosen
according to £30% of recommended pressure
value defined by the manufacturer. The stroke of
the machine’s puncher was set to 20 mm to
mimic a real-life usage of the tire. All tests were
repeated three times and each average value is

representative of the analysis of each condition.

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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3. Results and Discussion
3.1Load and Absorbed Energy Behavior

Fig. 4 shows the characterization of load
dependency on displacement within a 20-mm
stroke for the new tire. The quasi-static test was in
the range of inflation pressure values between
172.4 kPa and 241.3 kPa. The load was linearly
dependent on displacement for all inflation
pressure values. At the maximum 20-mm stroke
tested, the loads were ranging from 1.57 kN to
2.03 kN in accordance with 172.4 kPa to
241.3 kPa inflation pressure values, respectively.
The increasing stroke resulted in the incremental
force applied. This yields positive slopes of the
load-stroke characteristics (stiffness) of the new
tire. However, the trend of the slope seemingly
escalated during the strengthening inflation
pressure. The slope value (stiffness) will be shown
and discussed later in the next section.

Fig. 5 shows the accumulative absorbed energy
in correspondent with displacement within 20-mm
stroke for the new tire. The accumulative absorbed
energy is the consequence of the force load applied
to the tire by the calculation scheme described in
Section 2.3. The absorbed energy was non-linear
to the displacement for all inflation pressure

values. The increasing number of strokes has been

seen to result in exponentially increasing energy
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that can be absorbed. The trend of the accumulative
absorbed energy was increased when inflated the
tire pressure. At the maximum 20-mm stroke
tested, the maximum accumulative absorbed
energy was 18.9 J at the maximum inflation

pressure of 241.3 kPa.

22
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20 ¢ 172.4 kPa AR
————————— 179.3 kPa p
18 r 186.2 kPa 4
- 193 1kPa
1€ F ———-199.9kPa
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Fig. 4 Load-displacement (stroke) characteristics

of the new tire
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Fig. 5 Accumulative absorbed energy-displacement

(stroke) characteristics of the new tire
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3.2 Dependency of tire stiffness and absorbed
energy on inflation pressure

After the load-stroke dependency was
determined and described in the previous section,
the tire stiffness can be plotted and shown in Fig.
6. The tire stiffness as calculated from the load-
stroke characteristics is founded to be a linear
function of the inflation pressure in the range of
172.4 kPa to 241.3 kPa. This behavior can be also
observed for both new and used tires. In this
range of inflation pressure, the stiffness values lie
between 79.1 N/mm and 101.9 N/mm for the new
tire. In the same inflation pressure range, the
stiffness values were 80.3 N/mm to 102.9 N/mm
for the used tire. The used tire was harder than the
new tire as it displayed a higher tire stiffness. The
linear regression of the tire stiffness and inflation
pressure relationship was founded and can be

proposed by Formula (1) and (2).

New tire:

Stiffness (N/mm) = 0.35XPressure (kPa)+17.292 (1)

Used tire:

Stiffness (N/mm) = 0.3485XPressure (kPay+20.457 (2)

Fig. 7 shows the plots of accumulative
absorbed energy and inflation pressure for both
new and used tires. The absorbed energy as
calculated from the load-stroke characteristics is
also founded to be a linear function of the inflation

pressure in the range of 172.4 kPa to 241.3 kPa.
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This behavior can be also observed for both
new and used tires. In this range of inflation
pressure, the accumulative absorbed energies
are between 14.5 J and 19.0 J for the new tire.
In the same inflation pressure range, the
accumulative absorbed energies were 14.8 J to
19.3 J for the used tire. The used tire which was
harder can be absorbed greater energy than the
tire. The linear of the

new regression

accumulative absorbed energy and inflation
pressure relationship were founded and can be

proposed by Formula (3) and (4).

New tire:
Energy (J) = 0.0653 x pressure (kPa) + 3.3814  (3)
Used tire:
Energy (J) = 0.0670 x pressure (kPa) + 3.5332 (4)
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Fig. 9 explicitly shows the tire aging effects for
stiffness at the rated inflation pressure of 220.6 kPa.
During 50,000 km usage, the tire stiffness was
intensified from 95.5 N/mm to 98.0 N/mm. This can
be accounted for 2.62% in terms of stiffness. At the
same rated inflation pressure of 220.6 kPa, during
50,000 km usage,
strengthened from 18.0 J to 18.4 J (see Fig. 9 on

the absorbed energy was

the right axis). This can be accounted for 2.22% in
terms of energy absorbed.

Fig. 10 shows the statistical incrementation in
stiffness and absorbed energy of the used tire over
the new tire. In detail, there was no trend observed
for the incrementation of stiffness and absorbed
energy against the inflation pressure values tested.
The minimum and maximum incremental values of
the used tire’s stiffness and absorbed energy were

0 and 7.82%. On average, over the inflation
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pressure in the range of 172.4 kPa to 241.3 kPa,
the stiffness and absorbed energy were by 3.22 %
and 2.98 % increase for the aging tire (50,000 km)

compared to the base new tire.
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4. Conclusions

This work investigates the aging and inflation
pressure effects on the stiffness and absorbed
energy of radial tires. By quasi-static compression
test, new and 50,000-km used tires were acted
by force with corresponding displacement
measurement. The conclusions can be drawn as
the followings.

Between the 172.4 kPa and 241.3 kPa inflation
pressure range for the new tire, the load was
linearly increased with displacement up to the
maximum 20-mm stroke tested. The stiffness
seemingly escalated during the strengthening
inflation pressure. The absorbed energy was non-
linear increasing with the displacement. The trend
of the accumulative absorbed energy was
increased when inflated the tire pressure.

For both new and used tires, the stiffness from

the load-stroke characteristics are founded to be a
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linear function of the inflation pressure in the range
of 172.4 kPa to 241.3 kPa. The used tire was
harder than the new tire as it displayed a higher
tire stiffness. The stiffness values were maximized
by 101.9 N/mm and 102.9 N/mm for the new and
used tires, respectively. For both new and used
tires, the absorbed energy is also founded to be a
linear function of the inflation pressure in the range
of 172.4 kPa to 241.3 kPa. The used tire which
was harder can be absorbed greater energy than
the new tire. The accumulative absorbed energies
were maximized by 19.0 J and 19.3 J for the new
and aging tires, respectively.

The results show a higher capacity to absorb
the energy for the used tire over the new tire. At
the rated inflation pressure of 220.6 kPa, during
50,000 km usage, the tire was intensified by
2.62% in terms of stiffness and by 2.22% in terms
of energy absorbed. On average, over the inflation
pressure in the range of 172.4 kPa to 241.3 kPa,
the stiffness and absorbed energy were by 3.22 %
and 2.98 % increase for the used tire compared to
the base new tire.

The attained results could be a guideline for
tire manufacturers in terms of rubber composition
and structure suitable for pressure inflation,
stiffness, and aging when in use. In the aspect of
car users, care should be taken when using aging
tires due to changes in tire properties under

certain operating conditions.
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Abstract: This research aims to apply the quality function development technique in combination with
Kansei engineering for the design and development of ceramic tea set products that “can respond to
consumer behavior, mood, and needs” By collecting consumer demand data and converting demand
with a product planning matrix or the house of quality. And survey consumer sentiment data with
Quantification theory type 1 in the form of a forecast equation to help create new product models. The
results showed that ceramic tea set products have been designed and developed product features in
terms of form/shape with novelty, local identity, beautiful, suitable size, pattern, beautiful color, the soil is
fine, versatile, and useful suitable for use. Also found that the expressions used to convey a product
consisted of a feeling of beauty, novelty, and identity. The issue of the needs that consumers are the
most important and the most satisfied first is a design requirement with a local identity, the satisfaction
level was at a very good level with an average of 4.58. And the level of satisfaction in the second issue

is product features are beautiful, the satisfaction level was at a very good level with an average of 4.51.
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Abstract: Centimeter-level real-time indoor location tracking system has been developed as a prototype of
a real-time tracking system for indoor location tracking for tools, equipment, supplies, staff, and patients
that have been taken outside the area or stolen with centimeter accuracy using the AOA (Angle of Arrival)
and Bluetooth 5.1 technology. The system consists of part 1 hardware for use in the system and part 2
software system. The hardware part has a set of receivers (Receive Nodes) that must be installed to cover
different areas or rooms in the building by considering the signal level to cover the searched area and the
tags attached to the devices or the persons for transmitting the signal. The part of the software system
consists of a section that displays a map (Map) for searching and a device management part
(Administration). The results of the ten centimeter-scale real-time indoor location tracking systems tests
were accurate to the centimeter scale and had an average deviation from the first test were approximately
67.1 centimeters and the second test were approximately 40.5 centimeters respectively, which were better
than conventional Bluetooth signals with a deviation of 300-500 centimeters and is according to our

research objectives.

Keywords: Real Time; Location System; Centimeter; Location; Receive Node
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Abstract: This research is the designing and constructing of a watering management system on a
6,760 square meter asparagus farming area using the Internet of Things approach to increase
productivity, reduce cost, and prevent flooding as well. Processes in this study include utilizing multiple
sensors such as soil moisture sensor, ambient humidity and temperature sensor, rainfall sensor and
wind speed sensor, designing and developing a groundwater pump control system, a rainfall drainage
pump control system, a water distribution control for a sprinkler system, and a plumbing system on the
farm area using PVC pipe. In addition, there is also the creation and development of an Arduino IDE
script for communicating with the microcontroller, Node MCU ESP8266, with a 2.4 GHz WiFi chip.
A NETPIE Cloud Server is utilized for controlling and displaying (Dashboard and Feed) multiple data to
simultaneously inform farmers. In conclusion, results from 60 days of data collection suggest that the
asparagus watering system which can regulate soil moisture using a sprinkler process controlled by the
Internet of Things can promote more productivity than that of the conventional system on the same
plantation area of 1 Rai. Of this result, in comparison with the real plantation area by scaling up to
4.22 Rai with a production of 4 crops per year, the calculation shows that the best practice of the loT
system can increase productivity by 12.8% and reduce cost by 99,246 baht per year implying that the

return period is only 1.04 year.

Keywords: Asparagus; Internet of Things; Node MCU ESP8266; NETPIE
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Abstract: The objective of this research was to study and compare methods for estimating the mean
and variance of activity time with 7 approximation techniques, including the program evaluation and
review technique (PERT) approximation method, the Normal distribution approximation method, the
Lognormal distribution approximation method, the modified PERT approximation method, the Ginzburg's
approximation method, the Shankar and Sireesha approximation method and the Weibull distribution
approximation method. The criterion for comparison is the percentage error in estimating the mean and
variance of activity time. The number of critical activities used in the study was 5, 10, 20, ..., 90, and
100 activities. The simulations were performed with the Monte Carlo technique 1,000 times for each
situation. The results of this research showed that all approximation methods had the same critical
activity. The modified PERT approximation method was the lowest percentage error in estimating the
mean and variance of activity time and then decreases as the number of critical activities increased.
Considering all methods, the modified PERT approximation method is the most appropriate for the data

and situation studied.

Keywords: Critical activity; The activity mean; The activity variance; PERT
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Abstract: According to community sources, firewood stoves are still widely used in households in
Thailand for cooking because it is a convenient and sustainable fuel source for small stoves. The
firewood stoves' primary problem is poor heating capacity, which makes the cooking take a long time,
uses a lot of fuel, and produces a lot of air pollution, including smoke from combustion. Increasing the
efficiency of the stoves is the objective of this research. The focus is on the heat exchange and
combustion processes to enhance the firewood stove. The development of the new firewood stove uses
the simulation based on CFD (Computational Fluid Dynamics) techniques to investigate the effects of
airflow and temperature rise on combustion chambers to promote complete combustion. The comparison
between a conventional stove and a newly-developed one is that it provides higher heating power and

heating efficiency of 106% and 8.7% respectively.

Keywords: wood stove; CFD; combustion
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Abstract: Nowadays, different types of alternative energy are introduced to replace oil from petroleum
products in order to reduce petroleum imports and utilize waste and reusable materials, in particular, a
large amount of plastic waste. Thus, there is some research related to converting plastic waste into
plastic pyrolysis oil. It appears that plastic pyrolysis oil has similar properties to diesel and has been
tested on various sizes of diesel engines. However, pyrolysis oil has a heating value and Cetane
number lower than diesel fuel. Therefore, this article studies the performance and pollution of diesel B7
mixed with pyrolysis oil P100 at a ratio of 50:50 P50. The advance injection timing is customed at
16.5°BTDC to 17.5°BTDC, 1500 rpm, 25%, 50% and 75% of the maximum engine load. The research
aimed to compare the performance and pollution that occurred on the tested engine before and after
adjusting the injection timing. It was found that when pyrolysis oil P50 was used and the injection timing
was adjusted at 16.SOBTDC, the performance of the diesel engine was comparable to diesel B7. The
emissions seem to be slightly increased compared with the diesel B7. However, the black smoke

emitted from the plastic pyrolysis oil is slightly lower than the diesel oil.

Keywords: Diesel Engine; Plastic Pyrolysis Fuel; Injection Degree Adjustment
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# 1500 s0UR BT (rpm) e el a eI T ax e
25%, 50% W8 < 75% VaINIIEINUFIFAV DY
LASDILUG ARINAADFNTTOUUAZN AN BTLAAY %

o 2 &
NULAIDILUR

2. ABMIA R RINWIVYMARDI
2.1 gunsablunmageu
Lﬂéawu@‘i’ﬁmammmﬁﬂwﬁagu 4 33wz 99
LLa@aﬂTagammm%‘aaﬂ%@?ﬁliﬂ@aau F90N3197 1
TagAimuaniszanuiinasaui 25%, 50%
was 75% 98 laulufaosununszus
Wy (Eddy Current Engine Dynamometer) 183
Hoffman g1 D3210 Elze 1 Type Lﬁiamuqumiz
NuBBILAIIEuENNaFay laginyiananuen

o ﬂiuﬂizuaﬂgjmzﬁl% (Pressure Transducer) 284
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Kistler 314 6056A ﬁﬁmﬂayjuumgwaaméawmf
Gys0idn ﬂ'dqﬂﬂmi (Charge Amplifier) a4 Kistler
% 5018 1lawsnedypmuazulasday g ol
dudranudunslunszuenguuazligunioiia
ﬁWLL%memﬁamém (Shaft encoder) Va3 Baumer
Electric 3% CH-8500 iwnadgidudiaiuen
mUiuﬂizuaﬂQULLa:é‘msWﬂﬁiﬂa@rﬂ&iasm’nﬁau
Tagsuldsunsudidouduluwesd judnas
wmaluladnaun sz nasnunisien sy
Tumstasanmsawaasdaimasazinniyialy
sluuuganIlnaGaniacdin Weight Scale 181
Omega 3% LCAE 2 kg fnsuietasflenldiauane
yaga3assnannasauLduyas Horba 34 MEXA
584L lagiauaRwlaun HC, CO uazNO w030siiafi
JadSunauaiudnazls (Smoke meter) wad Zexel Tu
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M13199 1 ﬁagammm?aa UGN LTNARDU

Engine

YANMAR L100V

Type

4-stroke, Air-Cooled,
Diesel engine

Number of Cylinders

1

Bore x Stroke

86 mm x 76 mm

Combustion system

Direct injection

Displacement Volume 435 cc

Aspiration Natural Aspiration

Compression ratio 21.2:1

Maximum rated output 6.8 KW@3600RPM

Fuel injection timing 15.5 CA BTDC

Weight Scales

MIAITAUANMNNLRINHI BRI ldAIue 0
A
19 100% Sﬁﬁmaztﬁﬂ@madqﬂﬂszﬁum‘m@aau

NINNALNAAAS @Tagﬂﬁ 1 LAZANTIN 2

—
Fuel Horiba  Smoke meter
, -
Q‘@p P
7
() Airinlet ) — XG—
Charge ampifiter Pressure |[ ) Exhaust Gas
Transcucer
| :_/ i Dynamometer
EZTTITIAN Encoder
Data Acquisition computer

311 1 Lmuquﬂmﬁﬁl%@aau
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Measurement Measuring Accuracy Uncertainty
In-cyliner 0-250
+2% +2%
Pressure bar
co 0.00-10
+0.5 vol +0.5%
% vol
0-10,000
HC < 200ppm +0.2%
ppm-vol
NO 5-5000
< 500ppm +0.5%
ppm-vol

2.2 Jnaawn1Inaday
TunmeseavaziUSuufsuingudwra B7 nu
TN WHFNTEN TS wAanaziIdw w s lads
1aa3187% 50:50% P50 lauiSunasvastiiaun
ltnasau Iumuqmauﬂ'ﬁm asaunltnazauay
NIUNIATIRELINENLINAdALazANNURaane
TN UFILINRON USHN UN9naasUalssu
o @ o A < 5 = A
INQ (WAITH) AINNTIN 3 INBWAEIMIANEN
= A & A ) a
ANNLIITOUVRILATBIIUAAIN 1,500 TaUABUN
(rpm) NN1TZ9% 25%, 50% WAL 75% VBIN1TE
mugaqmaam%awmf N 29AIN1TAAUINY
W03 15.5 panaugudatsun waziinig
UIU09IA1N1T80 819112898 10 % (Advance
Injection Timing: ADV) 71 16.5 W&z 17.5 (°BTDC)
1auViINITI U AU RUWIAAITN AWV ILHWT N

. A ' A { {
(Shim) Tdauru1veILH TN aou'ly
0.1 FafNa T azvinlwasan1sdaningwlfowll
v { td v a
1 paeniwaTained SaLuanaiguueInagHae
A =2 A a A &

6] laaRaNsand Il se@NT AN ILATDIDUA LA

MIUanlaasuaRBuadAIasuuan HiTaInRIA199

Property Test Diesel P50 P100
Method B7

LHV (MJ/kg) ASTM D240 44912 4445 43.99
Density@

ASTM D4052 0.8289 0.815 0.789
15°C (glom®)
Flash Point (°C) ASTM D93 63 30 17
Viscosity@

ASTM D445 3416 2189 1.68
40°C (mm?/s)
Cetane Index ASTM D4737 60 57 48

'
A va

g ldviininasevludandiunauingu
%29 10%-50% LaeiNNoaI1RINYDIIN 1 b
a J ~ 1 A Kd' o
I5laGatuias 10% WUIILAIBILWANTIANIT
nagauwaNuatlunazidaudoiy

NN Ma@NEN [12]

221 @unisnlgainimalinaniliaag
WaINRIIUNIZLUIN [7]
X a4 X A .
ANNFULU R I T BIWRIT Wz D wnNs
AR ARV BINIALTOLWRIG 8RNI IR aanun
WudranuFwdfeaiainissuniziuIn (Break
Specific Fuel Consumption: BSFC) AIRNMIN 1
mf
BSFC = — )
Pb

lag m¢ = danm3lnalGaanaueasonds (g / h)

Pb = 839 miUINUBILATOIIUAN Laan
MINaRU (kW)
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222 UszANSAINIBIAINTOWLUIN (Brake

Thermal Efficiency: BTE, ¢ ) (%)

Uszantanieaanusauniusniduniile
anuswsnlunisasnaudeuilasuan
AvzuARAITH R T IAna o un s 991 una
FIRUNIIN 2

3600

ne =——  x100
T BSFC-Qy

)

Tag Qpy = ANANTEUIUNIZVDILTDLNEY

(MJ / kg)

3. WaN13298
31 ﬂ'a'mﬁ'umﬂ‘luniwanguLtazé’mﬁms
dandassanudon

nMInaey Walsaufisuinauiios B7
Auigwlnlslada P50 wudn dnswlnlslada
P50 M1896NN133ALANT89LA3EI0UE Ta11Na1T
1ums§muﬁ@Lwiﬁ’uﬂa@ﬂdasmm%’aﬂ@i’qm’h
SR IE T N19719839vi T TueIAINITda
s29nindu 16.5-17.5 (BTDC) it adsinad
wqaﬂﬁuﬁauﬁ@ifuﬁummﬁumﬂluﬂizuaﬂgu
Wu31 n3UsUesAnTaa T W NadanTs
Uaaldasninuione ot naILazAINy e
lunszuangu

a’mgﬂﬁ' 2 uae 3 xWUIIMINUSLasmMIaa
L%ﬂLw§ae’mwa@iammm%ﬂumsﬁ;mmﬁmaa
iainlnlslags P50 liszozinanlunisgadu
auTanvastinguldadn dsnanilisasn

1 (% X A a ?,' e
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- --P50-17.5° BTDC |_ . 2 ===

| P =

25% Load |

= 2
= <

Pressure

- W &
I=E—E——
Heat release rate (J/CAD®)

In-cylinder pressure (bar)

=

—
=

10 15

-5 0 5 20
Crank Angle (CAD®)

31 2 mmd’umﬂumwangmm:é’mwmi
Uaadaasanuson lusay 1500 rpm NAIZNH
A &
25% VBINILIUFIFAVDILATOIL UG

70 ] ::3570 |: 50% Load | 4o 2
60 {---P50-165°BTDC1 L 602
50 |- PS0-17.5° BIDC | === L s0S
40 L 40 &

Pressure
—

In-cylinder pressure (bar)

Crank Angle (CAD?)

3N 3 mmﬁ‘umﬂluﬂizuangmm:é’mwmi
Uaadaasanusan lusay 1500 rpm N1 AN529%

50% maam’:‘zmugn Ej@l“ll 23 Lﬂ%ﬂx‘i zm,@T

waswulasluazazganalataianidarineun
N19291% 75%N84A1N1TAA 16.5-17.5 (°BTDC)
mIgaduanuTauuaznMIasziiavo eIt
A« &£ A . @ '
T2ULIANIVUTIFINAG A AIIN1SUaAUaa Y
mw%auua:mmﬂ”umﬂluﬂi:uanguﬁgaﬂdw
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80 : 80
—B7 o ;
- 70 — P30 : 75% Load 0 ~
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£ P50-16.5° BTDC 1 ) 60 2
p == - 9
g0 2
£ w g
=% -
5 30 né
2 20 -
& 10 g
=
= 0 =]
-10 -10

-15 -10 -5 0 5 10 15 20
Crank Angle (CAD®)

suUn 4 mmﬁumﬂum:uamj{u LRZEAIINT

Uaadaasainnson lusay 1500 rpm AA1329%

75% 1 E]x‘iﬂ’]iZd’]%E\J’(\‘l EE@’I“]J 29LA309 U‘LWT

3.2 AN AR A0 D INAITINIZIL TN AL
seansnIwizeaaNTantuIN

AU AN 89T DLW E IS UNITLUTNINNNAT
nagoUaziansan e anuawddesiuwsiusn
wasinaiwlnlslads P50 lwni3za1w 25% uas
iniulnlslads P50 ﬁﬂ%’uaamagﬁ 16,5 (°BTDC)
flendniningudims B7 waziinaiu-lnlada P50 7
ﬂ%’uaama%iﬁ' 17.5 (°BTDC) Wiasann snsinulnlsla
%aﬁﬂ%‘uaamagﬁ 175 (°BTDC) f3z8zianlunns
dafi Lﬁm‘}(uu@iaglumami:mmﬁﬁ Fainldranu
swUdaadowaaindu udlunszanu 50% wuin
ANUEWY Ao oWB IS NI a9 T LTa
B7 zddgigazainnasey T mefi N3z
75% wnaiwlwlslada P50 azfidnaanagonin
Wnsudra B7 uar sannsiuasausnsmned
AR89 UNNTHN U 8IS DIDUATLANT 1
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Tastanzingwinlslads P50 Al auiiasuau
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Brake Specific Fuel Consumption
(g/kWh)

25 50 75
Engine Load (%)

31l 5 anwFulfeudawisduniziun lusey
1500 rpm NAT2W 25%, 50%, Waz 75% Vad

ﬂ’]i:d’]%gd q@‘ll 29LATDILUA

=
(=]

9 mB7
7% 1mprs0
2 30 {@P50-16.5° BIDC
g 25 {OPS0-17.5° BIDC
@
g 20 A
£ 15
=
=10 -
£
£ 5
-} 0
3 50 75
Engine Load (%)

gﬂﬁ 6 YszAnTmwiBsnnuIaniuInlusay
1500 rpm NA329% 25%, 50%, Wag 75% V83

mszmugd Ej(ﬂ‘ll ah} Lﬂ%@\‘l U‘LWT
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mi:mugaqﬂﬁﬂ%mm HC Nanad g Itsuas
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& a A &R @ 2 A & a
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Alaignunlnd3aildiFanm HC Wi [11]
jn s WEAIAINIUaaURBUATUBUNBUEN LoF
a A A
(C0) anlaly SInTlasulasuesnmIzued
398U fInadalSunwmslaatdas co laulu
Myzwdunaznans hnwinlsladadunilidunis
UaaUsday CONAININUIT WA LTaNIbhoIAT
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1% warinlwUSum co Sumalituanadiiiasann
vadad o o A A a
MIEN MINAYH §91na laanyszanTAwianny
2 ::i A' :3 di v di 6 a o
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Abstract: A current magnetic recording technology is approaching the superparamagnetic limitation,
which makes it impossible to increase an areal density (AD) beyond 1 tera-bit per square inch (Tb/in?).
A bit-patterned magnetic recording (BPMR) technology is an alternative solution to replace the current
technology, which can achieve AD up to 4 Tb/in? Practically, a skew angle (SA) is one of the major
problems that cause faults in the detector. Without SA detection and correction, the overall BPMR
system has greatly deteriorated. This paper presents a method to reduce the complexity of the SA
detector and corrector, which can be achieved by comparing the target coefficients and the BPMR
channel impulse response using a SA profile. When the SA is detected, a suitable pair of targets and
equalizer for the detected SA will be employed in the data detection process. In addition, the complexity
reduction makes the trellis diagram used in the Viterbi detector have a fewer number of states and
branches, specifically from 36 states with 6 outgoing branches to 32 states with 4 outgoing branches.
Simulation results show that the proposed system can provide similar performance to the conventional

system at the AD of less than 2.5 Tb/in

Keywords: Magnetic recording; Bit-patterned media; Skew angle; Viterbi detector
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Abstract: The objective of this survey research was to study the water quality index (WQI) of surface
water resources at Ubon Ratchathani University through the survey of 11 surface water sources from
August to September 2021. The WQI was analyzed using physical, chemical, and biological
characteristics of five parameters: dissolved oxygen (mg/L), biochemical oxygen demand (BOD) (mg/L),
ammonia (mg/L), coliform bacteria (MPN/100 mL), and fecal coliform bacteria (MPN/100 mL). We used
descriptive statistics, including frequency, percentage, mean, and standard deviation, to present the
data. The results showed that the WQI was between 40 and 67 points. Six (54.55%) of the sources
surveyed had harmful surface water quality, and five (45.45%) had acceptable surface water quality.
This information about water quality is helpful for the surveillance, monitoring, and management of the

water resources at Ubon Ratchathani University.

Keywords: Surface water quality; Water Quality Index (WQI); Water Quality; Ubon Ratchathani University
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(°c) nsaes (NTU)  (Pt-Co) c) (NTU) (Pt-Co)

SW1 31.6 7.0 7.3 179.0 29.2 6.7 6.2 204.0

SW2 32.2 7.9 21.1 155.0 29.3 7.8 17.5 186.0

SW3 29.9 7.8 10.5 143.0 31.1 6.8 9.7 122.0

SW4 29.1 6.8 16.7 430.0 28.6 5.8 14.7 465.0

SW5 32.0 6.5 12.0 176.0 28.5 6.4 13.9 269.0

Swe 32.1 6.4 10.6 53.0 29.2 7.2 11.0 188.0

swrz 30.2 7.1 18.1 226.0 29.1 75 21.1 278.0

SW8 31.0 7.3 8.0 114.0 30.0 7.2 3.2 183.0

SW9 29.8 6.5 9.1 189.0 29.7 6.2 8.4 200.0

SW10 30.0 7.3 49.4 268.0 29.5 6.9 46.6 266.0

SW11 32.4 6.5 37.5 197.0 30.0 7.6 29.4 182.0
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EHaLEHY TR eI
A DO BOD NH,-N TCB FCB DO BOD NH;-N TCB FCB
(mgl) (mg/l)  (mg/l) (MPN/100mI) (MPN/100ml) (mgl)  (mg/l)  (mg/l) (MPN/100ml) (MPN/100ml)

SW1  6.8:02 2.0£0.0 0.01:0.01 1,700:0.0  86657.7 9.03£0.1 2.2:0.1 0.01£0.00 1,200£100.0  500+31.0
SW2 6.9¢0.2 2.0£0.0 0.02+0.00 3,100+0.0 500+115.4 7.17+0.1 3.6%0.3 0.08+0.00 800+0.0 800+0.0
SW3 6.3t0.4 2.2+0.2 0.33+0.01 3,350+70.7  3,350+70.7 7.00+0.0 2.0+¢0.0 0.31x0.00 3,333+57.7 2,300+0.0
SW4  6.8:0.2 2.0£0.1 0.34:0.03 24,000:0.0  3,300:0.0 5.80£0.1 2.7:0.4 0.08£0.01 4,700£173.2 2,200+100.0
SW5 7.1£0.1 2.1#0.1 0.14+0.00 2,300+0.0 1,333+57.7 6.93x0.4 2.9+0.1 0.01x0.00 1,600+173.2 1,166x115.7
SW6  7.7:0.2 20£0.0 0.01:0.00 3233t1154  900:0.0 7.17:02 29:0.1 0.02£0.00 1,677¢0.0  900:0.0
SwW7 7.3£0.5 2.0+0.0 0.03+0.00 3,033+305.5 866+57.7 7.33x0.4 2.0+0.2 0.04+0.00 7,300+#519.6  966%57.7
SwW8 7.2¢0.2 2.0+0.0 0.01x0.00 2,266+57.7 500+0.0 7.100.1 3.120.3 0.01+0.00  533%57.7 533+57.7
SW9  7.0:0.1 2.1£0.1 0.01:0.00 24,000:0.0  2,3000:0.0 6.17:0.2 2.1:0.1 0.02£0.00 4,800£173.2 4,800£173.2
SW10 8.0£0.2 2.1¥0.1 0.01x0.00 24,000£0.0 2,3000+0.0 8.20x0.5 2.1+0.1 0.01x0.00 3,333%57.7 3,333%57.74
SW11 7.3#0.3 2.0+0.2 0.01+x0.00 2,100+346.4 900.00+0.0 7.33x0.4 2.0£0.2 0.02+0.00 4,800+19.2 966+57.7

WNuAG: flade + damdsaiuunasn

USunaanuandinlugduasssdunid (BoD)

fidnafoadlugas 20 - 36 mgl agluinmad

a33% gun i luund s Aan swniuunss

#HauUsziAn 3 -4 %ommmaﬂﬂsnlugﬂmm

§139unIdvadnndadlidtiunin 4 mgl nad

g19iuinTesne (SW2) liwyandnisduidon
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Abstract: This research aimed to design and develop a decorative type of Krajood woven lantern by
applying Kansei engineering (KE) and Kano’s model to promote tourism in the Songkhla Province. The
Kansei Engineering (KE) was used to survey and select the customer's feelings or Kansei words for the
product and the Kano model was then applied to create a questionnaire to survey and analyze the
coefficients of satisfaction and dissatisfaction of product attributes, where qualified product attributes
could be used as a component of product design. Applying KE to explore the emotions, feelings and
needs of customers, was used to evaluate the product attributes towards designing new products. The
data used to create the questionnaire consisted of 3 main parts, namely the word boundary part,
product feature scope, and product representative images. The survey data were then analyzed with a
quantitative analysis method in the form of a forecast equation. The newly designed Krajood products
were analyzed from KE and Kano model. The results showed that the main expressions for the design
of Krajood lamp products are interesting, exotic, and unique. Also, the product features were designed in
the shape of the lamp, weave pattern, color tone, and product identity. There are in tune with the moods

feelings and needs of the customers even more.
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Abstract: In this article, a mathematical model for temperature distribution in a flat-plat solar collector is
proposed. The simulation employed the 3D finite element method developed by MATLAB programming
by modeling the temperature distribution of the flat-plate solar collector mathematically in the second-
order partial differential equations. To solve this time-dependent system, a step-by-step numerical
integration of the backward difference algorithm is applied. The simulated result graphically revealed the
temperature distribution in the flat-plate solar collector. A flat-plate solar collector has been prototyped
and tested in a real environment. The results of temperature distribution using the 3-D finite element
method have a maximum temperature of 62 °C. The actual measurement results from the thermal scan
and the digital thermometer were 57.7 °C and 58.3 °C, respectively. The temperature result from the

simulation model and the actual measurement are in good agreement.

Keywords: Flat-plate solar collector; 3-D finite element; Temperature; Heat transfer
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Abstract: This research aims to study the influence of carboxymethyl cellulose bio-based coatings on
the properties of paper. In the experiment, the changes appeared from three levels of carboxymethyl
cellulose (CMC) concentrations which were 1, 1.5, 2 %(w/v) and three levels of Glycerol which were 0.5,
0.75, 1 %(w/v). Then, they were coated on paper with a standard weight of 150 g/m?, 1 layer with a bar
coater no.4 at the thickness of 34 microns. Later, they were tested for mechanical properties and
printability properties. The results found that the paper was coated with carboxymethyl cellulose resulting
in tensile strength and elongation properties, bursting strength, and increasing water absorption
resistance. It also boosted paper gloss. For printability properties, the coated paper held great font

details and can print to an increased color gamut as well.

Keywords: coatings; carboxymethyl cellulose; paper properties
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o A ° o o P "
WawidunmaRendmiuuraAmingsdn Tagls
WmaansleauNuanedsnwaantl afiw N3
LARBUTANTY (Multilayer Coating) 1 luaaa I
&a (Nanocomposites) ﬁmmmﬂ%’uﬂﬁ;mﬁmﬁﬂﬁ
A Y o < oa A A
lasmsaanuuuiialwldmasnaanuldangadilu
Taatindalidnisszyusidaiadiainanmanzasly
naafauAInIzaBEnNINIlE AU Iagau [8]
@Taﬁfuﬁdﬁmmﬂ?mmmimﬁauﬁmmmuﬁm”a@!
A A9 o A ' A 9 A a
AuNlTIAfaUsINNa W nITIARauNTE A B A
UseanFan %dl,ﬂu'i'@qﬂizmﬁmaamﬁﬁmﬁa
ANHBNTWAVDIRITLARAUTIANWTRAATUANTE -
Lu‘ﬁaLmagiaa@iaawﬂamaam:mﬁ WvarwuaLdw
wnslumai lulsnuniidszininmgsae
2. AEMIANRWINNIVY
2.1 NMSLAYNFEITLARAY
a A ™ I A a

LmyaJmsmaauIWﬂ"ﬁamiuanﬁmummgiaa
(Carboxy Methyl Cellulose: CMC, Sigma—Aldrich,
USA) LazNaLmatas ATy 99 % (Glycerol,
Calbiochem, Germany) [NaLANN AN T AN WHID

WA L7190 3 (Plasticizer) ka1 15U 529

9

(Deionized Water, Dl-water) @13810U W &N &7

& v ¥ o o A V=
maaﬂmmnumyLmaamm:ummmaﬂVLWﬂw
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A1319% 1 danEInU eIl MUaIRIIIARaY

gas CMC Glycerol
(% wiv) (% wiv)
CMC1A 1 0.5
CMC1B 1 0.75
CMC1C 1 1.0
CMC1.5A 1.5 0.5
CMC1.5B 1.5 0.75
CMC1.5C 1.5 1.0
CMC2A 2 0.5
CMC2B 2 0.75
CMC2C 2 1.0

(Magnetic Stirrer, Yellow Line) Wwaan 15 wf
nasa el inaruea 1N VWA FANLAT A
THdwuinan 24 vu. figmnndwes (27 aven-
a A o o
WIALTER) LN e RN ade N dBan AR Ne TunT
a A o A o ' A

WIoNETIARaL la U ReuLUas0aEInRITIARE L
A =2 o A

A uNIAN 103913199 1 wazluniInasssas
INIWIW 5 G0

=~
2.2 N3LAADUNITANY

' (2
a A o £

dnTzasensanIsaniinnin 150 nsuda
ANTINAT AAUUIA 148 x 210 JARUAT IILWUYIT
50931 INTHUNEILAR DLAILBNIZANEHINNNIIU
ludel LS e uUsN T BLas M Ithas
ADUAIUUNILAR UL S 4 NI2AUAMURTA
34 'luasou (Bar coater No.4) thadandalsiinnein
TUN13U1AAILA SN UE I UEINTEA B O EN
FHEND LAROUUWNIZATH LA BIRIULE 87

MNBW $INTZOBN ci'mﬂ'mﬂﬁam’mvli'luqmﬁnu Y
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27 BIANLTALT UE LW O LR NIZATH LR 62
ﬁﬁLL&ium:mMﬂ%@ﬁmqm%Qﬁ 55 29ANLTRLTH &
A713437 100 580/M17 SR 1% 2 SouLWa LW

a a = &
NICONBNANINNLITULNNNIMNYW

2.3NMINAFDUANUAVDINIZAY
231 NIIIAAINNABINIZTAY (Thickness
Measurement)

TAAITUABINTZAE (Thickness
Measurement) Salagltia3osiannunuiuyy
@9maa (TECLOCK US-22B Upright Stand) T
MYIAUARzA8E19923091UI% 5 99 Ynszan

A A o 5
LﬂﬂﬂﬂLLaﬂNLﬂﬂaUﬁﬂu?u 5 1

2.3.2 MINATIUANATWNIBUIIAILALNNT
HaM (Tensile Strength and Elongation)
NNINAFBLAMUAIUNIULTIAILAEATE AR
(Tensile Strength and Elongation) (119331% ASTM
D 828) ﬁﬂ%uﬁ'aazhuﬂugﬂ?mﬁwﬁuﬁwn%wm@
25 TafAT 81703200 250 HaBIUAT 91N
iU a3 09anaREUANUAIUNIULTIRS (Tensile
Testing, Instron, USA) Tasiniasasfiafunamaueiy
1hnsurigesenn Taedszasvnsszninslnsudn
180 D8RLUAT UAZAITIBSaTIUTINTIARUAVE Y
UnsuaaT 254 Taduasaawmil asaudunagey

P10 ANFINIANA 5

o
o

233 NMINATIVAINAIWNIBUIIARNEY

(Bursting Strength)
MINAFBUANNAUNBLIIAUNEY (Bursting

Strength) (11913314 ASTM D 774) Faduagnl

J2U19 80 x 80 FARLNAT BRINNWURT AT
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ﬂ@aaummﬁwummndﬁumﬁg (PAP2056, PAP,
PAP-TECH Engineer & Associates, India) 11 1 1
NINUA 1% 5

234 N1INATBUNITQ AT N% A (Water
Adsorption)

nINagay migﬂﬁ'ﬁ&lﬁﬂ (Water Adsorption)
(35u09 Tappi T441) dasudragrelifana
125 x 125 Gadwas s lsasiwin wasaniuiin
@T’aaﬂ'ﬂavlﬂldqﬂﬂitﬁw@aaumi@@%uﬁﬂ (Cobb
Sizing Tester, Gurley, 4180cn, USA) mﬁ’fluﬁﬂma%
%10 100 ml AIUWBNIZANBNAFAUNTONILLIAN
120 5wt Wawmasnan 15 Swifinauasuimualw
insineanannzasneseuin TR UN A B
ﬂgdﬁiﬁgﬂﬂgd 23 500 39U lUTIINRIN uaznAn

ﬂ’ﬁ@@%&lﬁ’]‘ﬂ’mﬁumi‘ﬁl (1)
Final Weight (g) - Conditioned Weight (g) x 100 (1)

2.3.5 MINAFIUANNNWINT (Gloss)

WIUH WA 081970A1010 A1 (Gloss,
Multi Gloss GM-268 Plus Gloss Meter, Konika
Minolta, Germany) la Uﬂﬂiﬁﬁ%u@ﬂdﬂ’]ﬁl“ﬁi’ﬂ

75 8461 62881982 5 9 FNBINIRUATIUIN 5 B0

2.3.6 N1INAS NI AN TRV DINTTANE
(Moisture Content-Oven-Drying Method)
NSRRI WY INTEA (Moisture
Content-Oven-Drying Method) @ @ @28 81497 %1 @
100 x 100 FaWAT HNTImINAaUNATEL UAS
ﬁ'lmsauﬁqmﬁgﬁ 105 +2 aseniTaibes e
30 W17 IUNTZANBUKIRAINI WA TITMIN

WRINTOL LASNATWAAIUaINRNINNENNT (2)
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W1 — W2
W1
lae W1 = Weight before Baking (g)
W2 = Weight after Baking (g)

x 100 @)

2.4 MINAFDUANTAAIUNITNNN
a €1 A 1 =
241 NAATEHRAT ANVUANAWR OUILA
& uazaauan
HAI0 L HINAFAUNTEATBAIAN HIUNIT
LRAULAZNIZANHNNTAN AR o UN W LU LN R
A & o A A &
NNITWUN (Test Form) G281A384RNWIZUUNS
NUNWUrAnaNuazIBaa 1,200 dpi (Ink Jet Canon,
G2010- PIXMA G2010) Tad1& L*, a* waz b* @n
anudn lagltiasasiadg (Spectro Densitometer,
X-rite, Printed in USA) LREATBIURIATIAIN
WANAE (Delta E, AE,) ldasaunn (3)

AE = /(L] —Ly)? + (af —a3)*+ (b; —b3)®> (3)

a I's a 6

242 MINATIZANBANNNUBATLONE

NMTATITHIUR NN UWA0EIINHIUNNT
A & & A oA LA
ANWLUUNARAUNINTEO BN AR a ULz Ll 1R oY
Sneilasltauan augﬂ”a”m J32nauais Iua
AIDNBT VWIALFU INUALDEA I@mn%mmhg}’
WeouFnuRuwnisldaniizuss D65 (Pantone
Color Viewing, Just-normlicht, Germany) Hscwe

MINDY 20 LOUALNGT

3. HANTTIVBUATIVNTOLHA
3.1 SNUA2VDINTTONW

AN 2 HANIINAFDLAIANUARITDI
nIzaENAaay WUl nIzansfiedeudae

mi‘uaﬂ%mﬁamag‘[aa (CMC) shununflwasaa
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(Glycerol) #iHalAdaNunMIBaINTEaElasIade
a X =
WANDUIINATE B ME WA R lasnTEan e
nANunIAINNgaAanITaENLAREU Y CMC
v v a U v
ANMULTUTY 2 % (Wiv) NRLTaTaR ANLITUT W
0.75 % (W/v) LRZNI=ANBNLARAUGI8 CMC AW
WNTY 2 % (W) NALTaTaR ANNLTNTY 1 %
(wiv) thavanndSunmainuituTwued CMC 71
a & ' A a X
VNN D UWFINRADANNRAAVDIRITLARB UM AN
' lUdrsidarinnisiafauasuwnIzansyin iy
A = 1 1 1 v v
wwaaurIN1sTYad U Iutasin9szninadule e
v R A o @ & & a
TINAMTUTURAIULNY § UUNWEIDBINIZAN
AMUAIUNIULITIAI VDINTLATBNLAROU LA
AN oA . A A P
N3N bLAREY WUTN NIz NARauTAINY
FUNIWLIINI LA RNINNIINTEAN BT LK
N3RaaU 1aanTEa BN IRAIANNFIUNIWLIIA
A A A o v o
FI§aAa NITAIBNLARALAIE CMC AT
1 % (wiv) NALTETER ANNTNTW 0.5 % (w/v) e
ANNAIUNIULTIAIFIFADEN 41.40 Mpa ludu
YpITLHENITHANIVBINTZANE WUIN NTLANBN
A a A @ v a X A
WMABURINITNNITEINITHAA AN N UL B
WU unszanun liadey lagnizaiun
mmmﬁﬂ@ﬁvlﬁgaq@ﬁanimmﬁmﬁauﬁ'srJ CMC
AMTUTU 1.5 % (wiv) NALTDTEN ANLTNTY
1% (wWiv) aNaaL
ANUAIUNIULTIAUNLY WU NTZABNHY
msm5a‘uﬁ@hmmé’ﬁummmﬁuﬂ:zgﬁl,ﬁumrw
l&/ tdl = v v v
FulaunIzaeafaualIt CMC AN NTL 1 %
(WiV) NALTBTaR AULTNTH 0.5 % (Wiv) Nith
A A AdAa o a A N S v a
Wasanwuwndrsuwziawenlnaduinliiie

w“'m:"La‘[mmuﬁgwy;vl,amaﬂ%auu CMC 814130
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MN1319N 2 auumaonszmuﬂLﬂaauLLazluLﬂaau
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nITAY Thickness  Tensile Elongation Bursting Water Gloss Moisture
nagay Strength Strength  Absorption Content
(mm) (Mpa) (%) (kg/km?) (g/m?) (GU) (%)
Control 0.170 33.42 +1 41103 45 104 127.0+9 5.7 0.2 5.5 +2
CMC1A 0.178 40.40 +3 45 +0.5 5.0 +0.4 8159 7.1 0.1 6.7 £5
CMC1B 0.180 40.28 +3 4.7 +0.3 46 0.2 725+9 5.9 0.1 3.4 3
CMC1C 0.180 41.40 +2 5.0 £+0.5 4.8 0.2 7807 6.3 0.2 2.8 13
CMC1.5A 0.176 41.28 +2 4.8 +0.5 4.7 +0.2 832+8 7.0 04 4.8 5
CMC1.5B 0.176 41.16 +2 4.3 10.2 4.9 0.1 8124 6.6 0.2 6.1 +1
CMC1.5C 0.172 37.64 +2 6.2 0.2 4.7 +0.2 937+3 6.8 0.3 3.9 12
CMC2A 0.178 38.90 3 5.0 £0.4 4.8 +0.2 9502 7.6 0.6 5.3 1
CMC2B 0.184 40.64 +1 4.8 +0.5 4.9 0.1 847 t4 7.0 £0.3 8.6 3
CMC2C 0.184 39.14 +1 43 10.2 4.6 0.2 927 %9 6.4 0.1 7.5 t4

Y ' o A = & o '
aiwmguwuﬁxvlaimmummaLLiwuﬂUﬂaqw
laasandavnduluginalvnizarunuinnis

A = A a X
LARDUAANUUTILTINIANTY [8]
mig@%uﬁwLﬂum'su’waﬂmwmmmlums
2 =< 1 £ dlq'
duniwnIfurusasasla 9 @'l luiite
N30 WUTY NTeaBA LNnAaUTANNFIUNIY
mi@l@fﬁwﬁ']ﬁaﬂn:i'mi:mwﬁmﬁau Wasan
AN 4o A A o A
mzmwﬂvlwmumimaawimaaiw,‘flugw;wm
LLANGANIINNNTEANBNLARBUNTDII1ITEWING
Lﬁuima:QﬂLﬂﬁauﬁm CMC WazRINITOLNINTY
"lﬂagjﬁmﬁns:%iwu&uh lwUSunmestas
JerinaFuluaaas [7]
AN0N I W TUFN LA W ARAEATDENS

A a A o A

B NIZANARAUANTILIUANDIAN BV IR

{ v { o A a
NIZANHNFLTDULES T &!Nﬁﬂﬂ%%@] TIAINNN W

Mnuduanunalazasglinuninnszasden
ANNNUINANBN1VLFINA PANITAUWNIN RS B
ANBMA1d 9 Mduatlaae [9] lasnanis
naasswuin lasladsnszansfndauddaianinu
N Nds nzaufitndan CMC ANty
2% (W/v) NRLTBTER ANLTUTW 0.5 % (wiv) &
A1AUIWINIFITR
Usunmanuduaosnszauiotiudasund
mwéﬂﬂ”zyarjnmﬂﬁﬁ]:mNa@iaauﬂ'ﬁmaﬂamaq
nszanufiezRudunionnas aRansmannus
MINARDI NTLANHALARIUTAIUTHUANAIT
agIdnyRAY I@ﬂﬂizmwﬁﬁﬂ%mmmm%ugq
ﬁq@ﬁ'a NIzaEALAROL CMC AaTuTH 2 %
(Wiv) NALTTER AMNLTUT 0.75 % (W/V) WaZ

A aa A 4 A P
ﬂszmﬁ&‘nwﬂimmm’nwﬁumq@ﬂa RN
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lARBU CMC AANNLTNTY 1% (Wiv) NALTaIaaA
AMULTHTU 1% (W/V) naftesunmenuduasd
nalagasinuusidainizsznansigule
wWagnudasldifianisfauaznadivesnszans
Tagnszanuidysuimanuiulunszaruanss
W3R FINAFOFNT ANIIFIHAIINFIUNIWUTI
@ﬁ“uLLa:ﬂ'maJ@ﬁuﬂ’]mnm‘”uﬂ:aqﬁll,ﬁ'wﬁwu
YULLALINUNNTHARIVBINTTAHAZAART LUN14
nauRwanTe iU BN UTU RN TR ENTA
NIIEIUAIMNATUNIBLTIAILAZAMNATUNY
WIIAHNLRITAARY UANITHAAIVBINTZANHIL
WRudn oghslsfinunszanufilndauuaznszans
AliiedoufianUSinmanu T eI T BNINNA
laifinandranasgiude sauaz 10

3.2 ANUAAIWAITNNN
3.21 A8 ANNUANGAIIR VO ULVAE LAzA
AMNA
A o 4 oa A AV
W BIAAIAVBIRISLARBULUNTE AT L3)
NIBNIIAR0UA AN L* LYINNU 94.64 a* YNy
, @ A '
1.84 LaT b* LYY -7.53 TINITTA1BITAAIAINY
a’jwﬁﬁam‘”ﬁagdLLa:m:mwﬁIﬂuﬁaaﬂMmqﬁ
1 Tu oSyt ueIalI uLanan IR
(A137197 3) NUNTLANBANIBAITLAREY WUN
ns:mwﬁ@hmmLmﬂ@mﬁagll'luim”uﬁua\‘lvlmﬁu
AMVLANGNI LA aNINTMVILLUARINURNWN
A & A A A A A A
NUWRIVWATEABNLAROY eAVILLVAR TR
(Yellow, Y) @4 (Red, R) ¥1n7igaa1uda
uadvaulwadinldu (Blue, B) fidian (Green, G)
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A o A a a o AV 1o

Ay wazilaSo U aUAUNTZA BN b HIWNNT
LﬂﬁamﬂﬁmauLwﬁﬁﬁlﬁumnﬁq@ wasivaue
§ 2098MA09 (Y) Fuad (R) deofiga Lihadan
N3z BN MEIWITIAR U RIS aNN T RS U
lhganAudinias () fuas (R) uszazrianiiin
a ' a = A &
3% (B) sanuiuastdatdSeuinuu I wwuw
NIRNA WUIT NITONBNLAREY CMC ANNLTNLH

A

2% (W/v) NALTBTaR ANNLTNTY 0.5 % (wiv) &
mamm@ﬁﬂfwﬁqﬂ 213nAa Ny SUUE1IN
WNT WU aRIURNTE AN 11 MU iurILazHI%
a ° o Aa A a X

ATTLIRANTIA M lAnTeauiFdnies (V) iudn
& o A A & &2 o a A
Wndasuaztdai lWuW S9lnveuafnaes
(Y) fua3 (R) mﬂﬁq@] @T\‘igﬂﬁ 1

A1ANGT LAWINTUIINNHANITNARD I
WU NIzauNEInMseaauazlRaIaINdI e

=y dl QI J = =
NBRUNALANTuIUFN19UA (Magenta, M) &
widad (Yellow, Y) uasien (Black, K) lugiuaas
113 uLd87 (Cyan, C) azda1audkasnin
NITABN LULARaUNITHLHEIINNNITZANEA L%
A A ad a A
msedauazd b IulnuiiiGunenaazidunaun
Gl a .

nnsza wdnisiduatsianula (Optical
Brightening Agents, OBA) a4'tuluiilanszaun
o v 1 n' J = all
linszasgusivuinddniuaasdlulng
fh3wden (€) 16a [10]

WANITNANBUESNIINUATNY BINTZAN 1N
WABULALINLAAAY ANV INUAITAINY
LANGINNHIAINTZATBNLARDUAZLINLALLSH L

[

mgﬂﬁ 2
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80
—.—C;V!CIA
cengess CMC1B
- & —CMCIC
—a— CMC1.5A

CMC1.5B
— & —CMC1.5C
i CMC2A
e0--- CMC2B
- @ =CMC2C

——g— control

-40
-60

(M) (V)

31 2 anwaeIMENW (N) nIzawliiadoy (1) NIzaBNARoU
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nITny
C M Y K L* a* b* Delta E

nagay

Control 1.01 1.01 1.11 1.14 94.64 1.84 -7.53 0.00
CMC1A 0.81 1.01 1.17 1.40 94.14 2.05 -8.31 0.95
CMC1B 0.80 1.07 1.01 1.41 94.19 1.98 -8.24 0.85
CMC1C 0.88 1.06 1.03 1.40 94.38 1.93 -8.29 0.81
CMC1.5A 0.90 1.06 1.03 1.40 94.42 2.02 -8.32 0.84
CMC1.5B 0.84 1.06 1.02 1.39 94.23 2.1 -8.50 1.08
CMC1.5C 0.79 1.06 1.20 1.39 94.24 2.1 -8.91 1.46
CMC2A 0.68 1.07 1.06 1.37 93.92 2.02 -8.14 0.96
CMC2B 0.88 1.08 1.04 1.37 04.61 1.99 -8.17 0.66
CMC2C 0.87 1.04 0.97 1.39 94.08 2.08 -8.38 1.05

= a 3

3.2.2 18RI UANBNNNUBATEA Y
NTAUIIYRZLBUATAILUUNAFAUINURNNNN
a 6 v a 6 1 =S . . . dl
NUNABTZUUNTANNNBAAN (Inkjet Printing) 1
Usznavludae @ranes (Text size) 19 (Dot) L&
(Line) NILUUWaTAN (Positive) Waztwn1w
(Negative) WUI1 NTea1# lLARaURIN1TOLAY
swauﬁmmaamum@”’sé’nwiﬁlﬁnﬁqmwu
wagnW laasndauia 12 Wauyl waz@1anes

a 9/0“4/ 1 U 6 a

wuuwmnn ladasuduma 16 Wapyl Nuaziduauas
ananAgauuuNadiv laasue 1.10 Waa waz
wuUun AW laasud 1.60 Waayl wazuazdoe
v A & A A a o & '
PUIAVBILFWN AN FAULUN BTN laasna
0.40 Waut WazhULLINAN laasud 0.80 Waav

WarinsSuuf o unuUNIzaN e AR U N3N
NIENBNLARALRNTANLINLALLDIAVDI AIDNET
o <& aa A o
90 UAZIFK NIUDUNBTANW UazLULIUNIAN 10
an31 lagnszauNnaay CMC AU yan 1%
(Wh) NALTRTEN ANWITUTH 0.5 % (wiv) L ugaTn
mwﬁm,ﬁumﬂa:lﬁmvlﬁﬁﬁq@ AINTIN 4 waziile
ﬁmsmﬁgﬂmwﬁLﬂumwﬁuazmwmwﬁ WU
N32ANHNLARAUBHIAAINUANTAVDINTNLATTT
fENIINIzANEA LN Fau a9317 3 NatLita9ann
nizesngniafeutuasiiaduiuiduug 9 17
A oo R A & 2 A €
29INTea i o laTURA NN LN DI WAL nA LWL AR?
1 = &/ v di a
laaunsaunIsnduasliitanszanuwldidaiians
wi1e23980AA0g LURIBINTTANHAITNITOUEA

A o v 1
ﬁﬁ%vl,@] BUNRILINN
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a = a a €
AN 4 NMTLNUINURLLDYAUDIITUNUN

NSz Text size (Point) Dot size (Point) Line size (Point)
nagay Positive Negative Positive Negative Positive Negative
Control 12.00 16.00 1.10 1.60 0.40 0.80
CMC1A 10.00 14.00 1.00 1.20 0.20 0.40
CMC1B 10.00 14.00 1.00 1.20 0.20 0.60
CMC1C 12.00 14.00 1.00 1.20 0.20 0.80
CMC1.5A 12.00 14.00 0.80 1.10 0.20 0.60
CMC1.5B 12.00 14.00 1.00 1.20 0.20 0.60
CMC1.5C 12.00 14.00 1.00 1.20 0.20 0.80
CMC2A 10.00 14.00 1.00 1.20 0.40 0.80
CMC2B 12.00 14.00 0.80 1.20 0.40 0.80
cMmc2c 12.00 14.00 0.80 1.10 0.40 0.80

Lt Vs e o Vo Sramiy el wv,

(M) (V)

317 3 NuRuLuLnaey () nszaliiaiey (1) nzasafeu
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Abstract: The objective of this research was to select a forecasting model suitable for the time series
data of three sets of field crop prices, namely cassava, corn and paddy rice prices. Two-hundred and
forty-one values were collected from the website of the Office of Agricultural Economics, Ministry of
Agriculture and Cooperatives from January 2002 to January 2022. Three forecasting models were
constructed: an artificial neural network model (ANN), a long short-term memory (LSTM) deep neural
network model and a hybrid model. The models’ accuracy was compared by three performance
evaluations: mean absolute error (MAE), root mean square error (RMSE) and mean absolute percent
error (MAPE). The results showed that the hybrid model provided better forecast accuracy than the ANN
model and the LSTM model in all data sets and all forecasting performance criteria. It can be concluded

that the hybrid model was suitable for forecasting the time series data of three sets of field crop prices.

Keywords: Field crops prices; Long short-term memory (LSTM); Atrtificial neural network model (ANN);

Hybrid model
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ANNENITDFIWAUILANNTITIRINTEATUNT
UszwranauazaanIsabiwgnisida ndl
) 1 v & L= >
FAINAABUT19817 [27] BINMUINNAILU Y
Recurrent Neural Network (RNN) lagdnannis
91 QD FNITOLAY ‘UL ﬁaﬁagamaau@i
v di d' U s £ =
azlnuain i inenmdaunavlgazlanmutis
ﬁmmaa?j”aga@im“'dﬂm's'j'uﬁmﬂu@hazvb waia
LSTM Ao SWIRTuNLasNIninfiaion “azq
” dl v dl U 1

(Gate) ‘nﬂaUmquagammwﬂuum:‘[%u@
1/y2nauae Forget Gate Layer, Input Gate Layer
Wwaz Output Gate Layer [14] Ug@4a 931N 2

WUAaUVEI LSTM 813130 miinms laasd

1. Forget Gate Layer i Gate %17 lun13
ﬁfmumﬁagaﬁ 1311 Cell State msa:gmﬁu

o A A = @ A o A = o

lin3aafieciald dayafgnaadwitarnfvli
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azgnisnduandaya input Avihanlulnuenu 9
FIUNUHAIWEN L@ NN TAWIUTBI LA UAT D%

WNRUNINTY Sigmoid AIRUNTA (4)

ft ZG(\/\/f'[h—l')(t]+bf) (4)

e f. @2 Forget Gate (Ifag3zning 0 uaz 1),
o o Weldu Sigmoid, W, #ia dnsiminues
Matrices, ,_, fia ¢ Output 783 Cell State fiawwiin
X, fa @1 Input Aid el Cell State 4 1381 t

usz b, Aa ¢ Bias

2. Input Gate Layer fla Gate ﬁ%fﬁ’]ﬁ'{uﬁaga
Input il srimeiuiinniadisudoya
sl luudazlnua nvinauudseandu 2 §u
#a 1) aTragauns Update Cell State iafinmssu
T8 Input TasWar T Sigmoid ﬁLﬂué'amuqu
a250nlT Input Gate 1A a1danazl# Update Cell
State %38} 2) ?1 Input Gate L@an¥inMT Update
Cell State WnT% Tanh 3¢¥i1N138319 Candidate
Values (C,) ity State assumsh (5) use (6)

I, =oW.[h,,x]+0) (5)
C, =tanh(W_.[h_,,x ]+h,) (6)

Lﬁa it fa Input Gate, O fa WInTw Sigmoid,
C, Ao A1 Candidate 284 Cell State fian t,
tanh &a Waritw Tanh, W, W, fia Adinnin
294 Matrices, ht_lﬁa @1 Output U84 Cell State
nauntin, X, @a @1 Input Atrunlu Cell State

mmt b b, Aa 1 Bias
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T Forget Gate
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| | |
| Input Gate Output Gate

&) ®

31 2 lasessmsvhausesdauuy LSTM [28]

3. Output Gate Layer @0 Gate fwinfassy
¥inmsssaandays (Output Data) iagaﬁ'ﬁ]:ﬁ’]mi
Output las@31n Cell State AHAWNTZUIBNNS
fuwrmdny 9 13uusosuan laaWangu Sigmoid
azfudafanidayasinlnuly Cel State fay
N Output 91N HIA1 Cell State 1IN I T
Tanh efiladendu 1 w3 -1) udahendlaan
WariT Tanh 1 ¥insAwI s LN Output 7ilel

91N Sigmoid Gate 'lédn Output F9EuMIN 7)

0, =o(W,.[h_,,x]+b,) (7)

Wa 0, fa Output Gate, O Ao WInTH Sigmoid,
W, Aia d1viwmninues Matrices, h,_; fa 1 Output
7284 Cell State oW1 (N Time Stamp t-1),
X, Ao @1 Input NTu1lu Cell State o 1287 t,

b, #a @1 Bias

2.5 @UVUNEN (Hybrid Model)
a’mﬂ’lﬁlm']:ﬁﬁagaagmswnm@‘f’m"’s% EMD
duwitnsusndaysayniuiaaanidudiu o
Lﬁaa@mwﬁLLazé'@,fy']mLm’javaamTaga (Fast
Oscillation) lasusnaantduWsssunslu

(Intrinsic Mode Function: IMF) N138319@ WU U

navazthasssznaufiuonledain3s EMD wnvin
MINENTA283D LSTM wazsirdwensaian
iauﬁ'ulumgu@auq@ﬁm BUNAULLAINGIN @2
WY HybridEMD-LSTM {4 uaauuaziinisains
ALY LLa@a@"‘agﬂ‘ﬁ' 3

mngﬁ‘ﬁ' 3 ®WNTNB5UNEINYRLBHAVDIA?
WU HybridEMD -LSTM laaadt (1) ERHINEER
ﬂi:ﬂauéhﬂﬁagaagnmmmﬂmﬁmvﬁ 370 (2)
3msw:ﬁ°ﬁayaagmmﬂm‘i’]mﬁ“ﬁ"ﬁﬁd 3 7@ ¢
3% EMD Lﬁmmﬂadﬁﬂizﬂaumaqagmunm
duatuliegluzlvasgalsidunislu (Intrinsic
Mode Functions: IMFs) LLazﬁ’mﬂamm(ﬂLﬂﬁau
wisdayasanidu 2 7 Ao ‘g@wﬁl 1 98yan13
L%ﬂuf (Training Dataset) LLazﬂg@lﬁi 2 ﬁagaﬂ’li
Na®ay (Testing Dataset) (3) Wadalsznavved
ﬁagaa%ﬂwnmm AEEININNTHADUT 2
WUINTAEILAILUY LSTM (4) INAMWEINTDE
InTuaani 3 @ IweInsalanaILy
HybridEMD-LSTM (5) A% @A 0L B89
ASWENNSEE  eBNIaTIadsEANT AW IR
LUUNITNEINTE MAE, RMSE e MAPE

ANRAL
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Start
L 1. e3sadoya
| Actual Data |
R, AR T j
i ¢ o v aa i
| 2. LAz aga 28173 EMD EMDI Method i
i l | | ;
; IMF1 IMF N Residual i
| | | i
. L 4 v . 4
E Training Dataset | |Testing Dataset Training Dataset | |Testing Dataset|| Training Dataset [| Testing Dataseti
i 3. wennsninaeds LSTM [LsTM1| | Lstm2] 77 [LSTMIN| | LSTM N+ i
i l \4 l v i
| Prediction IMF1 Prediction IMF2| " " |Prediction IMF N | | Prediction IMF N+1 |
i | | L | [ i
E Reconstruct :
| Final Prediction Result .
i v Forecasting Data i
| Actual Data !
b 4. dsziAndssansnw
E o Error :
' PaIAMLUD Data Base |
i Performance Evaluation for
i Forecasting Model

31 3 nazuIumM M IN@UGILUY HybridEMD-LSTM
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2.6 T MIUTUABUITANS NMNVDIA UL

MU RUTZANT A NURIA LY NWIFDRT
NIRNA 3 LNTUH [27] 995

A o & A

(1) uAANALARaUFNYIELafY (Mean
Absolute Error: MAE) dig@sadaunsi (8)

(2) IINVBIANUANALARABRRIRDILARE
(Root Mean Square Error: RMSE) 5 ga3 @ 4
FUMIN (9)

o A o & A

(3) 308RTAUANALARAUTN U TDHLAR Y
(Mean Absolute Percentage Error: MAPE) Y ga9

GIsuman (10)

n.ooo.
MAE = t§1|Yt ~Yy|/n ®)

no
RMSE = /tzl(vt ~Y)?/n ©

MAPE =100x ) L=, /Y,|/n  (10)
t=1

lasNa1 MAE, RMSE was MAPE denstasanlng

gmﬁ LAY @TaLmuﬁﬂixaﬂ%mwmmLL&ius‘hga

¥

Adl 1 aa d A 1
MN1319N 1 ﬂ'lﬁﬂ@]W%g']%i’]ﬂ'l‘W‘livLi 3 ‘Lj(ﬂ
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3. Wan15vsnazandIngna
a I3 AAJ -~ 1
3.1 Nami'aLﬂi’]zwanmwug'msﬂmwﬂi 370
o o o A A A | o
(1) NMUBERLlznaINa@en Jauafuiiny
1701 uUn§anlaniy ﬁi'ml,ﬁ'mmummg’m
WiNA U 0.532 U@ an laniy ﬁ@hﬁjaq@ WiNNU
2.960 U anlanTy uazA1dge WinAL 0.740
Undanlanty
o g o & A A @
@) Nt lnaldssgad Jauaduinny
6.909 undafilanin daudodlunNIAIgIN
WiNAY 1.518 undanlansy ﬁmgaqmﬁﬁﬁ‘u
9.950 Lndanlanin Lm:@‘hqﬂwhﬁ‘u 3890 @@
Alanswy
(3) nagdfenrenuzd e adsrinnu
7,827 undaah eI iuuuIaIgIwiinny
1,667.590 U1NG A% ﬁ@hgaa\g@ WinAL 13,259
UINGaah IREGRLRLE WAL 4,579 UNNG 2%

a a lﬂl
NY[LLDYAAINNTNN 1

' ' |

YN SVE]&I&\ DRI RIS ﬂl’]Lﬂaﬂ ANHIFA o " sﬂ”l LfliEJﬂLiJ%
o w9 NDEIIW AN

* ' N1AIP N
PRGFUT! All sample 241 1.701 2.960 1.780 0.740 0.532
f1lznag Training Dataset 216 1.673 2.960 1.780 0.740 0.551
@ wnn)  Testing Dataset 25 1.945 2.290 1.940 1.620 0.193
iflm“ﬂ"l’ﬂW@ All sample 241 6.909 9.950 7.330 3.890 1.518
GIEEGE Training Dataset 216 6.786 9.950 6.980 3.890 1.551
@ wnn)  Testing Dataset 25 7.973 8.970 7.920 7.420 0.439
Nagdfen All sample 241 7,827 13,259 7,827 4,579  1,667.590
SRV EREER Training Dataset 216 7,750 13,259 7,750 4,579  1,729.277
(%ﬂ?il:mwgfu) Testing Dataset 25 8,655 9,453 8,655 7,442 662.073
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3.2HANIINYINTHAIBAIUY ANN ALY
LSTM LLaza LUy HybridEMD-LSTM

AN mmniﬂj”agaagmwnmﬁmﬁﬂiﬁq
370 Q‘iﬁ'ﬂﬁwmﬁmﬁzﬁ“ﬁaga laSoaauLe
sednuuiineasdue et
321 MIBABAAILLLAIIWEINTRILUY ANN
Aipdszyndlilassinedssmnifisuuuuines
U asounansd (Multi - Layer Perceptron) GR
ldsunsnnisiens SWedTu MLP s’fma%i‘l,u
Package “nnfor” nwiuiwuatay s (Input)
LLﬂz“ﬁsuﬁau (Hidden) wazld Sigmoid Logistic
Function 1] uﬁuﬁ"ﬁ'uﬂi:@ju N13A1% U6
dnwndnesvadlasetsdszaniionlunis
L?ng’iuﬂ?afﬁﬂuuumeiﬂﬁ'u (Backpropagation
Leaming) uazvinstiudyadsnadfindaowaridn
Levenberg- Marquardt 1 8 1sn130Sudntinnsin
wazaowBasludundonndass wuaslassrngls
flarunadissld@Adanumanzay mnin
BnsUsuaRaTINsesfiasowlusutandae
Wengusaolow fe Wersudnuesduuuladadng
(Sigmoid Logistic Function) i Haa W T 8 %'llu"ﬁa 3
[-1,1] §8931n19158%3 (Learning Rate) L¥iNA L
0.0001 $ruwausaulunsfindunaiFuug (Epoch)
§I§Q 1,000 70U uazlfenamanfoussiges
La,?liil (Mean Square Error : MSE) Hunousi lums
donisounluiutendmunzanliiulasstng
MINENNTBEEIY GaULUD ANN aﬂ"ﬁia;&aq@ﬁ' 1
ToyalnwWw (Training Dataset) 31424 216 61
FILNA FINILRI AL Lm:“q@ﬁ' 2 Tayans

Nagay (Testing Dataset) 1474 25 A1FILNG
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Lﬁaiﬁmamqmiwmumumaﬁaga‘lu 199Ma
Mlrauuudanuunssuazianuuiugnlunng
wenyol mﬁﬁ'migdf:;ﬁﬁ'ﬂvlﬁﬁmuﬂgﬂLL1_|1_|
Imm%aamﬂmmmmmn’%wiﬁm%’wﬁLmu
ANN maoﬁagau@iazmﬁaﬁﬁa mﬁ 191070 %
#1121 a9 4 Number of Input Nodes t¥inny 17,
Hidden Layer Node L¥in1f1U 5 W&z Output Nodes
Winnu 1 lapfidn MSE vinnu 0.0011 °1qm171' 2
a9 lwe & Number of Input Nodes Linnu13,
Hidden Layer Node L¥in1nu 5 W&z Output Nodes
Winnu 1 lapfidn MSE vinnu 0.0674 °1qm171' 3
NTUAeniivieunsd T1alwa § Number of
Input Nodes t¥inny 5, Hidden Layer Node L¥innu
5 Way Output Nodes t¥inny 1 las a1 MSE
WiNAL 0.0489 HAMINENNTILLAZAINNIATIVFOL
AL HENVBIATWINTTI TS 3 TA UFAIAY
TN 2 wazaTaf 3

322 MIWEINTALAILAILUY LSTM {398
Uszgndlfudsunsunmsinseu lavutisdaya
paniilu 2 70 Ao “IZ@]“?]I 1 dayam i3s3 (Training
Dataset) W8E T @ 72 Tayanagoy (Testing
Dataset) a’mifmu.im]’aga’g@ﬁ 1 TayamaiToui
LL@:@@]%Qamm@aauaamﬂuﬂ’agaﬁsl,ﬁ‘l,ums
Input L&z Output VaIuULF1889 LSTM lasuyad
dratayaliarluluunvasansiad 3 46 ldun
Sample, Timesteps, Feature LazuUadT| agasl,‘v\” agl
lu31) Normalize lapSusinliagszning 0 fis 1
wazindayaluaiadauuy LSTM mswennaol
@I8AILLY LSTM 226 898n19819 e Epochs

Hidden Neuron W & ¢ Batch Size 1 t% ¥ 1T & N
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3B MU Epochs = 20, Batch Size = 1,
Step = 1, Activation = Relu lag 1A uad V84
Optimizer = Adam ﬁzomm;wﬁag Rl L‘I‘iadﬁ]’m
maaﬂ%ﬁu"ﬁaga WUin ﬁmmmu&ius‘hmnﬁq@
Wolddminfmasfmanzaw teaindnan
AARAGILULLAzN N ToEa299in 1l alden
wensaiinmsudasdnaulddniiomideuny
ToyAITI HAMINEINTDIUALAINTATIIROLAIA

LNWENVDINUL LFAIAIANTIN 2 WAz 3

323 MINNNTALEAILUY HybridEMD-LSTM
fing3dvdszgndldliunsunisinseu uaz
FifiwmImatuaeumIsisuUURay Tagns
wssudayasunIunauasiITIlANzidaya
agnwnmmmﬁﬂiﬂ&a 3 1@ 62835 EMD o
Lmnauﬁﬂizﬂauay‘mmL'smﬁuaﬁulﬁaglugﬂmm
T4 WanTunelu (Intrinsic Mode Functions :

IMFs) LazFNANNARNALAREY lALAZURAIAIBENS
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MIAATITALNE 1 TAUTBA @Tﬁgﬂﬁ 4 (iaga*’gﬂﬁ
1 AU REULRAT) mmfml,i_io*’ﬁaﬂaaamﬂu 2
70 Ao °g<ﬂ°7‘1' 1 9ayan313uu3 (Training Dataset)
LLN:‘I;G]‘ﬁ 2 ‘ﬁagam‘mﬂaau (Testing Dataset)
(ﬁagmﬂmﬁniwmgmé‘fmf waztayasan
drudfenidveunzd suisarinlaluanu oy
W21 TN IWeNNIoiudazasilsznoy
(IMFs) §28@2uuy LSTM lasdinuua Epochs=
20, Batch Size =1,Step = 1, Activation = Relu L8z
Optimizer = Adam (@”dgﬂﬁ 5) lagAnualhiden
WiNRuns 3 70 Lﬁa\‘mﬂﬂ@aaﬂ%ﬁuﬁaga WU
ﬁ@i']ﬂ'nuLinu{hmﬂﬁq@ Walddmndiaein
ANNZEN HIAIAINE NN IARAGILD LIRS
wensolaaewin Walddmennsolvinnmsuyssen
nauliliminmileunudaysads wanswennaol
LAZATNIIATIARAUANULABE1VDIA L UUFA

AIANTWN 2 LAzANTHN 3

A15191 2 ANTTILAZAWENN T BIAILUL ANN @AUUL LSTM Waz@auuy HybridEMD-LSTM VERMRER

a‘ldaﬂ'ill IR ﬂ?ﬁ‘ﬁvl,’i' 3 “126]

Taawa1lenag srenilnaaesdn s
. . HybridEMD- _  _ HybridEMD-
aua939  ANN LSTM 248933 ANN LSTM

LSTM LSTM
1.94 1.94 1.92 1.94 7.81 8.34 7.79 7.79
1.92 1.83 1.92 1.97 7.46 8.72 7.9 7.69
1.89 1.76 1.94 1.91 7.42 8.75 7.54 7.60
1.73 1.79 1.87 1.81 7.49 9.02 7.50 7.59
1.67 1.74 1.71 1.70 7.72 8.79 7.58 7.65
1.62 1.71 1.65 1.63 7.92 8.91 7.82 7.79
1.64 1.62 1.6 1.62 8.12 8.53 8.03 7.90
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@13191 2 FA9TIUATAIWEINTAlYBITILIL ANN GALUL LSTM Uaz@UUL HybridEMD-LSTM 2847838

m&munmswmﬁﬂi 3 70 (f9)

a1z nad sentlnadesdns
. . HybridEMD- ,  _ HybridEMD-
ayad3s  ANN LSTM Haya93s  ANN LSTM

LSTM LSTM
1.73 1.74 1.62 1.71 7.49 8.24 8.25 7.90
1.76 1.73 1.71 1.74 7.6 7.94 7.58 7.68
1.74 1.52 1.74 1.73 7.44 7.79 7.69 7.59
1.85 1.68 1.72 1.84 7.68 8.07 7.52 7.57
2.05 1.81 1.83 1.98 7.9 8.20 7.78 7.70
2.03 1.71 2.04 1.99 8.15 8.34 8.01 7.89
2.07 1.65 2.01 2.04 8.15 8.41 8.28 8.05
2.13 1.71 2.06 2.07 8.06 8.39 8.28 8.08
2.08 1.66 2.12 2.07 7.93 8.69 8.18 8.04
1.92 1.59 2.07 2.02 7.69 8.84 8.04 7.98
1.91 1.34 1.9 1.95 8.07 8.91 7.79 7.93
1.97 1.24 1.89 1.93 8.29 8.60 8.19 8.02
2.02 1.24 1.95 1.96 7.72 8.37 8.43 8.08
212 1.19 2 2.02 8.23 7.91 7.82 8.04
2.08 1.22 2.11 2.06 8.4 7.72 8.37 8.21
2.19 1.26 2.07 2.1 8.76 7.81 8.56 8.41
2.28 1.34 2.19 2.16 8.97 8.21 8.96 8.62
2.29 1.33 2.29 2.20 8.85 8.31 9.21 8.70
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@13191 2 FA9TIUATAIWEINTAlYBITILIL ANN GALUL LSTM Uaz@UUL HybridEMD-LSTM 2847838

m&munmswmﬁﬂi 3 70 (f9)

¥ =~ ¥ a
s1a121lasnvaNNga

L3

'ﬂagaaﬁo ANN LSTM HybridEMD-LSTM
7,756 7,701.58 7,556.22 7,753.22
8,166 7,706.02 7,802.41 7,926.32
8,655 7,703.92 8,194.02 8,347.37
9,453 7,736.45 8,673.45 8,752.46
9,319 7,721.09 9,484.68 8,930.10
9,052 7,725.20 9,345.95 9,053.33
8,910 7,742.33 9,072.55 9,047.00
9,297 7,740.51 8,928.78 8,973.33
9,419 7,747.43 9,323.28 9,306.37
8,804 7,749.00 9,449.38 8,929.94
8,281 7,747.64 8,822.20 8,640.52
8,408 7,752.49 8,305.56 8,425.55
9,001 7,754.28 8,429.60 8,464.21
9,148 7,755.97 9,020.79 8,684.39
9,312 7,758.69 9,170.39 8,787.12
9,068 7,760.41 9,338.74 8,857.95
8,742 7,762.46 9,088.83 8,716.23
8,474 7,765.05 8,760.15 8,485.86
8,257 7,767.04 8,494.42 8,220.59
7,508 7,769.08 8,282.22 7,941.69
7,442 7,771.27 7,570.11 7,5635.46
7,586 7,773.21 7,508.87 7,417.88
7,693 7,775.30 7,642.80 7,471.66
7,788 7,777.41 7,743.07 7,561.04
7,934 7,779.42 7,832.64 7,836.76
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A1519N 3 Lﬂ%'wl,ﬁﬂuﬂ‘szﬁﬂﬁmwmam“aLmumswmmtﬁﬁagaagmmammmﬁﬂi 3 9@

e

oya duuy MAE RMSE MAPE

PRI AV EA TN ANN 0.3896 0.5161 0.1885
LSTM 0.0672 0.0868 0.0346

HybridEMD-LSTM 0.0456 0.0568 0.0227

5’]@]']°ﬂ"‘|’ﬂw@ ANN 0.6796 0.7743 0.0863
ngdé’@]j‘ LSTM 0.2172 0.2923 0.0276
HybridEMD-LSTM 0.1872 0.2146 0.0234

111U 8and ANN 857.9788 1026.5670 0.0961
RAUNR LST™M 293.454 364.8786 0.0342
HybridEMD-LSTM 229.894 298.1984 0.0265

3.3 anisananisiay

m3fnEeisi wuin SEnswennIoiaanaa
LUUKENTERIINAaITsuenasddsznauaes
ﬂ’agaagmm’;mﬁaﬂ‘i:ﬁ'ﬂﬁ (Empirical Mode
Decomposition :EMD) nu35nswennsailasetng
UszanifisuiEean (Long Short Term Memory :
LSTM) 138031 @auUL Hybrid EMD-LSTM $iau
uingnlumswennsaiseigling 3 70 $NN
anvulasivnadszamifisy (Arificial Neural
Network Model : ANN) Uaz@auuy LSTM lunn
s nsdssifiwdses®nsaw (ma’mﬁ 3) GR
IWhagaanaasnLMIANIARUwN [14-21, 27]
¥R 199910 @ 2UU Y Hybrid EMD-LSTM ‘L&
Uazynd 535 EMD %aLﬁuTﬁ'miLLﬂﬁagaagmu
natsantdudin 9 15und1 Wedswnelu
(Intrinsic Mode Function: IMF) Lﬂumsa@é'tynpm
wndala aaﬂ”ag 8 (Fast Oscillation) L& <3
a9ddsznauWsntwanaluldnensaiaqe
FUUY LSTM annsuindinsnensaiudas
asfUsznavunududineinsalluduaon

gaviny ﬁ'ﬂﬂ“’[ﬁ@hwmﬂifﬁﬁﬁmwmmuﬁwga Tu
a&’mmaamsﬂs:qn@‘l*’ﬁmu WUI1 @ULY ANN
wazeauuy LSTM Wuwmaidenfiinaulafiasan
Hueun S anutudantasninaauuungs
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Abstract: The objectives of this research were to study the effects of active packaging on the qualities
of processed-catfish products and to study the shelf-life of the products that are packed by the different
types of packing and materials. The processed-catfish product in this research was sweet-dried catfish
(SwC), salt-dried catfish (SaC), and crisp-fried catfish (CrC). All products were tested on their quality
and shelf-life. Three different packing types were atmosphere (air) packaging (control), vacuum
packaging (VP), and nitrogen-flushed packaging (NFP) with a low oxygen transmission rate (OTR) in
packaging bags and active materials that were an oxygen absorber (OA) and a moisture absorber (MA).
Quality and shelf-life results of these three products found that they tended to show continuous
deterioration of the sensory, chemical, and color depending on the storage time. The best results in this
research revealed SwC was accepted by the evaluators when it was packed with NFP/OA at 20 weeks,
while the NFP/OA/MA for the SaC, and CrC at 24 weeks (P < 0.05). It was affected by the increasing
cost of packaging of 1.75 baht. Overall, the increased rancidity level, total color difference of processed-
catfish products, and application of the results with CrC product from the ‘Lam Srai Pattana’ community

group were reported.

Keywords: catfish product; packaging; active packaging

The Journal of Industrial Technology (2022) volume 18, issue 3 http://ojs.kmutnb.ac.th/index.php/joindtech
229



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

1. UNAI

n1IuIIY WUDKBNTIW (Active Packaging) SiEA
%ﬁﬂumﬂiﬂaﬁmamsgﬁmﬁﬁw”wuwuwawn
mﬂiuiaﬁmimﬁq]LLUW‘B\%Lﬁw%ﬁﬁsﬂiﬁmimiq
LUUWNETW (Passive Packaging) %atﬂumjmiaﬂ
aeldnisy UV Y CHRELY (Smart Packaging)
Suppakul [1] 81291 nsuvTIuuuuanf Wil
gﬂLLuumaamsuma}GAﬁqmigﬁmsﬁ NAAA AT LA
fauadouddfAsensunusdens Lﬁ"aﬁ@mqmi
AUTNEY Lﬁummﬂaaﬂﬁw%am‘%uqmm‘wma
UTLRINANNRVBINRAA Ad SINDINTauA LAY
%’ﬂQOmwwﬁmﬁmﬁﬁm @28619700NTUI
LWUDWANTIW LT Tanaaufigaandian (Oxygen
Absorber) 76 nqa FUAIY % % (Moisture Absorber)
Tangaduudaariuaulaaanlsd (CO, Absorber)
i‘mq@iaﬁml,%aqﬁuﬂ%ﬁ (Antimicrobial Film) Waz3@g)
Pa LA RLENAAY (Ethylene Inhibitor Film) 1316w
[1, 21 MnyauduasinaluladmIvsquuuneniin
ﬁ'ﬁmwwmﬂﬁmmm:ﬁﬂm?ﬂ%mwga lasaunsn
Urzgndlfatuninanouszaiaunguniai s
Uszian lasawzlundanmai a1y un
LABIRIENS LAENAAS EN1IMSINLAS

Mongdo LasaAme [2] 31891131 i’mquanﬁw
ﬂi:mm”a@Wfi'uLLﬁ"aaans’fiLﬁm"L@T%'um’mﬁwa:m
gdﬁmﬁ'ﬂfs’mﬁuNﬁmﬁ'msﬁﬁlﬁamamwﬁm
Ufjfsonaandiatueslusin (Lipid Oxidation) lag
MItTanazafa NN NI wYa LA gaandlaulu
U AN AU FaIR B 0.01% (100 ppm) LA
émwaiﬁwﬁmﬁmsﬁﬁqmmwLLazmqmsLﬁuﬂ’nm

g o = a a
WINY W T]llﬁ\‘lil\‘]lliﬁﬂ']gﬂLLazﬂJﬂizﬁ‘ﬂﬁﬂ’W‘W@G

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2022.12.014

lunmssidauiseandian mmzﬁvﬁgwﬁ'umm%uﬁ
Tlundadmal amisuteniefsutaianis
Fonamwinasle [1]

Usnqnay (Clarias macrocephalus) Ua19n A
(Clarias batrachus) w8z a1anauine (Clarias
gariepinus) uilaessgiavasing iiasanisen
an MEInzEERLE laie wendulaldalu
LLﬂduﬁﬁmﬂn’]ﬂmmﬂs:mﬂ [3] naddUatinia
wullaeniudanaswgiesuay 2 sa99ndan
fa LLa:ﬁwawﬁmﬁluﬁunﬂﬂ Toyall w.a.2563
WUINANANRATIN 67,257.37 A% LANAUWLINAANA
nailnadaignarulngiduasialudszina
fnTuaanaadszinadinnissaaninasUseunm
261% it (Tayad w.e. 2561 [3) lauTas

o o A

fAYAD ATANIW AUNK IATTIUNNAAT UAZTIAN
fAunaw il nnurnlidnwamdaign
WA, 2563 - 2565 T1891%3N WWINTINITWAIWILT S
ﬂ%’ué’aﬁlmmmué’m%’um‘smztﬁmﬂm@]‘ﬂﬁam'i
mmwumiwﬁ@Lm:dam%uslﬁﬁmmﬂigmﬁaLﬁu
TAININITEMUNDE Y ININT [3] ﬂaﬁ;ﬂ’u ims
LnJigﬂﬂJm@lmﬁiamiﬁwmmL%uwwrﬁ,mﬁamu
wanuany 011 Uanananuis dagnuaaldsd
ﬂmqmﬁu LLa:ﬂ'ﬁLLﬂigﬂLﬂuwﬁmﬁwﬁ 2IMITNI DY
15100 1w B wsn wasldnsan s 4]
wﬁm”mﬁﬂmgmﬁumm Uagniduiaa uaz
Umgnudunsay Lﬂ%ﬂﬁdl%ﬂﬁ@ﬂ”tuﬂvfﬂaﬂ@ﬂLL'ﬂigﬂ
vaadgniadninivawt a.d1lny a.drgnn
Lnum B0 B F DI UM TR DI AW
NRaA ML mqﬂﬂgﬂmz@?’uqwmm:i:é’una;sJ
HRAA W R RIG 1 UaNIINE A T (OTOP) 289

The Journal of Industrial Technology (2022) volume 18, issue 3

230

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

Useine Iﬂﬂwﬁmﬁ'wﬁﬂmqnmaomjuﬁmmﬁLLaz
ngﬁﬁi@m@imu"lﬁ%’ummﬁw LRZENUNTNET
Haﬁ’n‘ﬁlwﬂ’j’] 3-5 i1 [5] agdlsAanw ifiasnim
qﬂLﬂuﬂaﬂﬂﬁaﬁﬁﬂ%mmvlmﬁugd (mrﬁﬂm@;mgm
Tlydugafie 479 - 17.56 % wt. i‘iruagjﬁ'umu
Lialﬁ'aﬁﬁmﬁmw) [4, 6] uGrunaaunlalt [7] o
dnludangniiladu 1470 ndn Wunvalvaiula
BUAIRI 2.40 N3W W38 16.33 % wt. Lfiaﬁmmﬂ'igﬂ
adanaliniadusiudsgdandagniiamandu
#u (Rancid) sroUfnsevesladunvuiseandian
Twone Wafiulwaum WATHINAG 081NN
s (Shelflife) MUEAD [6] i suuuums
maqﬁ‘mm:amiamﬁmﬁ‘mﬁﬁﬁ%ﬁu lasiawiznga
naan e ndnsaluiulai8uda (Unsaturated Fatty
Acid, USFALT o8 senauis 59a25R 91500
6'13\1LL@i’S’ﬁ@gmsgﬁ'msrﬁﬁﬁmmmminlumsaﬁ'@ﬁ?u
wizeandanldiduarined vanfanszuiun1inmn
waznsdandin uazmia nsldiaguaniiniiudae
'cn:mmina{lLa%umil,ﬁu%'ﬂmwamﬁ'mmﬂlﬁagJJ'mifl,@T
FIIARBUNANNZEY aASATINTFONTNIN LA
ﬂ'amqmmwwamﬁmﬂﬁmuﬁu

Nwiswil ﬁoﬁf@qﬂizmﬁlﬁaﬁﬂmmmaams
UITUULULANAN AR UITI A s Az 3UuUY
msmaqﬁmm:auﬁuNﬁ@ﬂ”tuﬁﬂawgﬂLLﬂsgﬂ 1oy
ﬁmimmm%aqmmwLLa:mqmiLﬁu%"ﬂMLﬁams
Uszgnalinunianusiassvasruy lapwiviaed
QmmwLLazmminﬂwvliJiJizqﬂ@“L‘ﬁﬁ'uNﬁmﬁmﬁ%‘u
Adsnwmslnmassluouinnasnsdaiion §

Uz ANTNMwLaziaUsAaNSHasia b

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2022.12.014

2. ABMIANRRITWIVY
2.1 Jaauazaunant

UAa19NIFUN2I % (Sweet-dried Catfish, SwC)
Ua19niduiAy (Salted-dried Catfish, SaC) uaz
Uan@nuHunyay (Crispy Chip Catfish, CrC) lu
nuisei ldsveutanzdaniamiagurudiing
Waw a.871n3 8.813NM" a.ﬂnumﬁ Tandaua:
iandnsnfivesljuansiagniensiuiuas
UITIA M amzin alulafFoansuiaan
wnaneasnaluladnousaasyys lasldiom
wun19lifin 3.0 talws, waigauiaandian
(Oxygen Absorber, OA, Iron Oxide, Longer Keep™)
U@ 30 cm? (54) %%alimﬁfmmmiqﬁ'mﬂ 1.384
+0.1043 N4, Sﬁaa@ﬂmm%u (Moisture Absorber,
MA, Blue Silica Gel, HI DRI®) 7 41a 1.0 n5¥,
qowmaﬁnvl,uaaumﬁLum"mﬁ'uwaﬁLaﬁﬁumm
Wi uan 7 wduase (Nylon/Linear Low Density
Polyethylene, Nylon/ LLDPE) U1 12.70 x 17.78
w3, (5 x 7 §12) AIWRUNTIY 75.80 £2.39 pm ez
89I1N1TT NN BV ILAFOANT LU (Oxygen
Transmission Rate, OTR) 56.10 cc.m?2.day" (ASTM
D 3985-05) 3NNUIHN UINBN WRLWAF 3114,
LﬂéaaussqLLa:ﬂmwﬁnizuuqrgrg'lmﬂ (Vacuum
Packaging Machine, VM-400, Brother®, China),
Lﬂ’%admsg wssdanfinuuuunuiidsuialulasan
NSM,
BROTHER™, Thailand), w3asdanfnuuuanlen
( Manual Heat Sealing Maching, SAIFPRO 24,

( Nitrogen Flushing Packaging Machine,

China), §auAuamMnAL (UF110, Memmert GmbH,

szineaasudh)
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NN EUgNLEURIYK (SWC), UaanLauay
(SaC waziangnununsay (CrC)

M13197 1 RINAaad (Experimental Treatments)

Packaging Method/ Sample
Active Material SwC SaC CrC
Control (Ambient Air ° ° °
without Active Material)

VP ] o

VP/OA { {
VP/OA/MA {

NFP L { o
NFP/OA L { o
NFP/OA/MA { o

WANING VP AaNTUTIIULLFYYINA, VP/OA fia
MIVITWULLFYYIMATINAUTaIgauAgaandia,
VP/OAMA fia NIUTTULFY YINMATINALTEINA
LLﬁ”aaaﬂ%muua:éﬁaag@mm%u, NFP fia N3U379
ruyunuidsudslulasion, NFPIOA fia n130739
wuyunuidisufalulasiauiudusesgaufs
20n%19u, NFP/OAMA A8 NMIUTIIULUFYYINTA
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2.4 MINURAENIIBNAIE9
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@Taamm&ww@gﬂLﬁuluama:ﬁaamaaa (Control)
AfanuswliiAn 60% RH LRz AWNL 28 +2.0°C
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dfiun1arnds Fsdasin naduni (g

4 - ve X
FIrIn0TLN zJImJagiJVl@mu
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gaTlan aflnudug 8291y (Trained Panelist) 1
ﬁ’ﬁuﬂﬁuﬁmawa@ﬁmqﬁﬂmqmmigﬂﬁa 3 1@
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ﬁfaﬂﬁ{l&lﬂﬂﬁs:qiﬁ'ﬁé’uvﬁﬁaﬁ%'m‘sﬁ’naual,mmﬁu
(Random) LLazlﬁQﬂ@aauﬁ’mﬁw@aauu,a:
Se9ReURI081IN T e N HYDIN A WA NAT
nagovlagiutasduszaznaagnatay 24 5alug
Tauauazliazunugnaseudlsiidana lag

'
A (% (% o

E‘Yl'ﬁ’]vlmg]ﬂ@] aw:gﬂﬂmﬁamﬂummaﬁm@i alu [9]

252 mydsslineansdseammaun e ialading
nAaR I Usznaudisaunaufinuazanuiawel
Tusaauda laoldgnasauin 10 au utaudwna
T8 5 A% AT 5 Al %@ﬁmqi:mwa 20 -25 1

o

mms@mnfﬁmmzﬁm"’aaﬂwmﬁmﬁ'wﬁﬂmqmmsgﬂ

a
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253 nIInasaUANNIwelalunRan et
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NagauNIIUILEINFNAFAINTaN 2.5.1-2.5.2
o Usesual adeuuuydsziiuuuy 9 Point
Hedonic Scaling Test s’ﬁoﬂi:qn@i‘mm?%‘n a3 Jo
uas Honea9 uazamz [10] lasiwualiszay 1
fa vl,ajﬁﬂﬁluﬁu/“naumﬂﬁq@LLa:i:@”u 9 & Sndn
ﬁu‘gmm/vl;imumﬂﬁq@ MILHWBANTNARBILUY
Randomized Complete Block Design (RCBD) Lag
Wisuifisudadalag3s Duncan's New Multiple

Range Test NizauANULToUBITOYN 95%

2.6 NMIUTLNBABNINNIATUIZNIINILAIN
2.6.1 n1sitazradasean’lad (Peroxide
Value, PV) diin@135n13019331% AOCS Cd
8-53 (The American OiIl
[AOCS], 1998a) [11] \flaldlaiuaindragsudn

Chemists’ Society
Sienzilavltarasngludu 5.0 +0.05 n3u azans
lugnsazaranaalsnasuuasnInasEananINEI%
2:3 &% U3u1a7 30 AaAaAT ANNAI8RIIAZANY
sumlwunsdonlaloled 0.5 Tasans nultidh
Anagnsadnanatdniagn 1.0 wif aniwdudas
Winaw 30 §addas waziiudeaanuidydn
1.0 %wt. U331@7 0.5 Faddans azldmuaranof
day ansiwin 1 lastasniuasazans lodo
InTedaWaninudutn 0.1 lua1s aunszria
dograddsuduarsazarsls Tuiindsuias
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PV = % x 1000 (1)
Tagf

PV fia faddn3nauriaandiaudad lansy
Wi (mEqg.kg™)
fo anudutwaslmaod nleTans
(aans)
do Usnoladonnledamails
(CEREGD)

m A8 VIEVBIA8LNN (NIN)

2.6.2 miﬂi:l,ﬁumﬁmamﬁmﬁmﬁuﬂigﬂmﬂﬂm
an Tasltin3093add (Spectrophotometer,
SpectroDens, Techkon®, Konigstein, Germany)
Salulnuad L*, a* uas b* lagd 61 L* nuiods
AMNEINY a* wuwdd anuduFuasuazmden
was b* vunsAennuiduindasuas i1
Usziluagoday 3 S1620819uaze08198s 3
Fury fauas T uAinaads niutiundnen
ANNLANAITBIRA83 DN 1Tl uIfisuny
NRAA I EA b3l AIEFNANTAIANNLANAIRTIN
(Total Color Difference, TCD) 6488 N137 (2)
doludl [12]

TCD =./(Ly —Ly)* + (a1 —ap)* + (b; —b)* (2)

2.7 mah gz laminundanmrisaizm

Iguansfnsimienealwiunduidwang
winuns ldszyndldiunfadmaidaign
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o o A A o
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50 9MNEIWLEN 10 Azwus DUz 12 §Uanst
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MU UARNAUAUTZOU 4 — 6 11T (gﬂﬁ' 3) g
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HaRINANFaARIRUMTALTN IS wiamdn
(Steak) ﬁ'mmﬁamzuuﬂ%’uamwmimmﬂ
(Modified Atmosphere Packaging, MAP) LLaN§1
ﬁ'uuauﬁu%’nmluaqmwgﬁﬂu (4 °C) uazLdunaa
(-1.5 °C) ZIWUANANE L*, a* uaz b* 3Eni198ad
qmvmuﬁLLa:ﬁLﬁuiuqmwgﬁﬁmﬁuﬁmmLmﬂ@m
sdnadvipddadafvluaniziduizoandian
@191 (P < 0.05) [13]

launaantuy SWC uaz SaC HIuaadliiAuta
IMIVIIPUVY VP ﬁgﬂiﬁﬂﬁiLﬂﬁlﬁuLLﬂa0§§Gﬂﬁ1
NFP S'mﬁal,ﬁal*ﬁ'@qLLaﬂﬁWiauﬂ'\aﬁﬁma@é'mﬂ
maasnudasdldiRndudndas [13] nauseaes

AN 2 dalUh

P s a A a g ] a o 6 a v
M13191 2 803NN TLURUWLURIRTINLINAUADLIRAN (K,,) ’Ua\‘mﬂiﬂﬂmmLLﬂiEﬂ"ﬂ']ﬂﬂﬂ']@lﬂﬂ‘Uii@lﬂ'Jﬂ

ad a = 1 a
’]ﬁﬂ’]iLLﬂz'NIQLLﬂﬂ'Y]W LANATNIN

Packaging Method/

Initial Rate Reaction of TCD (K,,) / R®

Active Material SwC SaC CrC
Control 2.8466 / 0.94 1.7610/ 0.95 1.0853 /0.93
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Abstract: The objective of this research was to study the physical characteristics of railway and road
intersections. The main cause of accidents at railway intersections is non-compliance with traffic rules
and improper use of safety equipment at railway intersections. The researcher studied and examined
safety standards at 10 railway intersections in Chachoengsao Province. The traffic movement and the
survey of safety equipment at railway intersections were used to analyze the data. From the analysis of
the data, it was found that Point 9 Phanthong-Ban Pho Road and Point 2 Chachoengsao-Bang Nam-
Priao Road There is a traffic movement of more than 100,000, considering the construction of a different
level railway crossing and from the survey of safety equipment, it was found that the installation of
safety equipment such as traffic signs Road markings and lighting systems. Not in accordance with the
standards for safety equipment of the Department of Highways and the State Railway of Thailand In the
memorandum of agreement between the Department of Highways and the State Railway of Thailand,
B.E. 2535. The results obtained from this research can be applied to safety management by proposing
guidelines for procuring standard safety equipment at railway intersections In order to prevent and

reduce accidents that cause the loss of life and property in the future.

Keywords: Train; Railway Intersection; Physical Appearance; Traffic Movement
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Abstract: The I-Optimal experimental design was used to study the effect of factors (speed, feed rate,
and depth of cut) and optimal condition on the surface roughness of wood-plastic composites (WPCs).
Mixture ratios were high-density polyethylene (HDPE) with 60 percent by weight (wt%) and rubberwood
sawdust (RWS) with 40 wt%. The WPC samples were prepared from the extrusion and compression
molding machine. The experimental results were evaluated using analysis of variance (ANOVA) and
optimized using response surface methodology (RSM). The results displayed that all of the factors
significantly (p<0.05) affected on surface roughness of WPCs. The increased speed from 220 to 720
rpm resulted in a decrease for surface roughness values. In addition, it found that the increased feed
rate and depth of cut resulted in increase for surface roughness values. The optimal condition for side
and face milling of WPCs for all of the conditions was 720 rpm speed, 200 mm/min feed, and 3 mm

depth of cut, respectively.

Keywords: |-Optimal design; High-density polyethylene; Rubberwood sawdust; Surface roughness;

Response surface methodology
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(Matrix) k13L& 30 1339 (Reinforcement) 1L & &
fulIznoudn g NUINEN wanank a1zl
F1TaNnaNatIslun1INaN Nl WPCs
a wadak o v A
TFuUANadua1uANABINTVINHNEA WPCs
A v oA [ a a v
fdadvaiudsznis 1w Janununiu ddunn
mmﬁmm:ﬂ’qa%‘ﬂww‘h Qﬂﬁﬁ’uﬁﬁﬁas AIUNIU
L%aﬁga uaziduiiasdaRaiaaay [5]
nseanLUUMINasaIuLuLLLla-aan@ANaa
(I-Optimal Design) fia N328NLULNNINARBILLL
& a A ' A A o
AsILApInIanuudatiolaun1Tl A uulaiad
wisn3a1fa3830N (Input Variables) T#szuu®3a
ATUIRNNTNIANDN LT FAGIRNTHEN [6, 7]
v > o U = aq: o v
Wiudw lasiTadaiidnainnisaneisuasrinl
mmsné’ammLLﬂ:"Eﬁammq@m gnnalwiianis
A v ¢ A
WRBLURIVINRANTHIBNAALRHAY (Output
or Response) I1MNITLIRNITRIOTZUUHY lag
ﬁ'ﬁLLﬂiﬁﬂLﬂTﬂgmLmaamﬂu 2 5%a Ao adwls

(Jad1) Na1uquld (Controllable Variables) %38
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fauds Tasn) Agrursnsenuuy'ld (Design
Variables) azaauils (Ja3p) ﬁ'vl,&immsnmuqu
e (Uncontrollable Variables) AN [8]
ﬂ?i%Lﬂi’]zﬁfﬁJQﬂL%dﬁﬁ@ (Statistical Analysis)
PBINANNINARDY IuMTIlATEHANNYNdBY
ﬁagm%aaﬁ&ﬁa%“ﬁaﬂlﬁﬂwsagﬂwaﬁvlﬁmm:aw
AUWALAZNE lasmInanadazlszyndlinguj
mMaTTnmsnnninasleadansinw laod
w3asfanld laun nsdasziauudslsin
(Analysis of variance; ANOVA) lagidSsuiiiay
Jas91 T 1M nadan1INAn0991NN"T
@lgmuuﬁgm [9, 10] wananit ssldn1s5iasnzet
WanIEN1Iz619 9 Mmanauvainimasasla
%ﬁ‘ﬂﬂﬂiﬁ?uﬁ’mau 8% 8J (Response Surface
Methodology; RSM) @9t un1331a31enanas
@1auauaﬂ@slmimﬁ;@ﬁmm:mﬁq@mﬂﬁ
FaulanieTesurindrfisavua (11, 12] lagvia
myhiauatayalugluuunmwniaanaiaualu
3Uuuus1809 (Empirical Models) TInas1AaUas
LA NUFIRUTTER I INaNTENU ATt fy iy
NANTTABLUAKEY (Response) LAEAITATIVROL
ANYNAaIVBIRUNITANFN R USLABNIT
ATIETARIBANAIVEININAREY (Residual
Analysis) LAZAIIITOUAINULRUIZTUD DI
LUUd18a4 (Model Adequacy Checking) [8, 13]
WEAA Va9 WPCs idrandunuinluids
9AFINNIIN AD nsunudladansssusi @
Wasanfaudlunisldouianialinans
Yszm3 uazdmsudsanafiaswamnssinnsld

o : o P X a & )
1umuaaqmamwuwwmnmu ?Jﬂ“/]x‘]ﬂ’]il‘ﬁ
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'S'a@m@mefuﬂ'ﬂﬁmméwﬁ'tyLﬁ'mﬁ'uwam:'ﬂu
dossurnsanannIzualanian 39vi 1w wrCs
ANAUN ﬁ@lﬁl"ﬂuﬂ’ﬁﬁ ARINUULLAN ) [14, 15]
agielsfimnadofinisin wpcs udvzyndlglu
smlasssouds Taprinlddndudesdonsnume
3UNI9Y aﬁa@pﬁ"alﬁmm:aumeﬂ“ﬁmu GR
wpcs lagrialdudrasinusingda ug
fnapuinie 2989ludanunanwatsves
sunsdlunmsinlddszgndldu 9n13%7
naanmel WPCs lulgdszlosdldiainu
‘vxa’mvsmmnﬂ“i‘fmhlﬂuﬁaal,l,ﬂ‘igﬂ wprCs 4%
mu’mLLazgﬂiNﬁLmn@hdﬁ'uVLﬂ waziialw
ROAAABINUATTITINHUAZAINNABINITVD

%

a’ =1 Qq; l&’ va k3 U
Huslne anmmwugﬂ‘tmmﬂm Vi uazgng

@149

2

lasnszuawnsna (Milling) Ldudun [5, 16]
A o ' ' A A
FINTTUINRNNTAINANIVUNAADRNUALTINALA
NMUNTNYAITUING AIT PUNTEUIRNITHAANI D
n3utls3l WPCs Iﬁﬁgﬂiwmuﬁﬁaamma:ﬂ'{l

od wa da o & & A A
m”hsnmumw@ﬂum’aa@;amﬂuamﬂi:ﬂauwmﬂ
U =

faguazddudasdinm [17, 18]

o
A v AR I3

AII mm%nUmammiﬁﬂmau'ﬂ'ﬁmaa{a@;

a

\Fatsenay Geddwnando wodtasanuasnelsl
819131 ladaauaiuusnduiaquialdain
laanugamnna e unmssaEsunTlEem
nniaquidaltldifadszlond vldaadunulu
MINGa lasrinnsesnuuumMInaaadLuyle-aaw
duan lapdsnsiidusisnisnsnanlonazded
AANETTEDY 91Nt FNNTANEINANTENLGE
AMNTTVIAT (Ra) 289 WPCs ldin anuiiisey

209N 0% me:ﬂ:ﬂauﬁﬂ ANNTZUIBNIING
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v (% @ o A

v ‘é
mumauazmu%m"uama@; UIEnay FINAIN

v
=] o

N33Rzl laNaa A h9iann WPCs N a1

A A aa a ' v
N’JT%JW%W@LL@zNQmﬂ’]WL%N’]zLLﬂﬂ’]iﬂ§$%ﬂ@ﬂ°ﬁ

va ‘§1
WPCs 1%%@1’3'11]%&’]?’]%@’18%’17‘]‘1]%

[

2. FEALATIDNITANBINWIY

€

21740

)

o a

aa@lLmﬂi:ﬂauwmaﬁﬂﬁml,azvlﬁ HaIwHEY
289789 2 Tiha A WaRLATAUAMNAUILUUEY
(High-Density Polyethylene; HDPE) U3u1mh 60
wt% ﬁmﬁﬁﬁlﬂui’a@;lﬁ:aﬁu (Matrix) uasdiaas'lsy
8719131 (Rubberwood Sawdust; RWS) Ud3unms
40 wt% ﬁ'mﬁfwﬁl,flumsm%mm (Reinforcement)
Iwnunanadn ﬁaummawiﬁwam"lﬁmawwmg}ﬂ
d1lUseuruazunIszu1a 60 Mesh (<250
Tulastuas) Wuian 20 waf 91ntks ¥inn1sey
Lﬁaa@mm%uﬁaqmﬁgﬁ 100 °C 1J w2181 24 T3,

[2] MuEIAL

2.2 NN529NLUUNIINARDY

NWisuiteanuuumanasssuuyla-aondives
(I-Optimal Experimental Design) lag 141y suny
Design Expert (Version 8.0.6, Stat-Ease, Inc.) 5]&5\‘1
S1UuaUITBNIITNARDS 3 U8 Aa ANuLIITeu
(Speed) 8@31a (Feed Rate) LazIzasiuan
(Depth of Cut) [17] Taodseduvasan1nsianyg
24 N1INARDI ULRFAIAIATIIN 1 TITzALV B9
gn1=lun1manadiim dAdnld@nsiainnig
NUNIWITIHNTTVURZNITAINNTN AR BILE D960
(Pre-Lab)
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A13191 1 32AUY adﬁﬂﬁ’):l%ﬂﬁiﬂﬂaadﬁ’]%ﬁ.l

nINa WPCs

Factors (-1) (0) (+1)
Speed (A)

220 480 720
(rpm)
Feed Rate (B)

200 300 400
(mm/min)
Depth of Cut (C)

5 7

(mm)

2.3 MIA3ENAIDENTRIWNATL
nsUIBINILATENE w R lElun Tz UINNS
AaduTISLazd I wnIN TS WPCs 1 2 Tunamn
a8n% fa (1) T aUNNITNEN TasinFIwHaNT
2 7%ha Ae wadlaBAuAWRBILIKEY YTunms
60 wt% uazdiaas laEnew1sn USunm 40 wi% ¥in
mwam‘fmm%‘aué’m%mﬁmﬁ (Twin-Screw
Extruder) I@Uﬁ“ﬁnqmwgﬁlummam:v\dn
160-190 °C 8 @310 a% 50 5o U/ WIIA®
0.1 MPa @810 LAz (2) mzumaumsﬂi‘fugﬂ
Fuiuwnagou lapnistiida WPCs an¥innssa
ﬁ"amﬂ%aaﬁ'@ﬁau (Compression Molding Machine)
Tagflawasuudaogns @a 100 x 100 x 30 m®
(M4 x 817 x nwn) lasfgmnniilunisdadan
180 °C W3960% 6.89 MPa 1dui1a1 15 w1l uazyin
nMInaaltdual8e1n1@ LHwaa1 5 wif [2, 10]
anudney 2zl uaumatnaialtlunszuiums
AaduNLazewAtinvas WPCs uazltlun1iia

mmmm;ms:ﬁmgvlﬂ
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2.4 NITUIHNTNANWHITILAZA1D 192D WPCs
NTEUIUNINAGTUAUILAZA 1 UT19VDI WPCs
Rinsnagaudlgniesnanssaluia oWe
ObraeciStrojie 3% FGV32 (U3zinaLoasain) 129189
ANL52T0U 45 - 2,000 J0U/ANT T8N Tan
AT weI R aINal@z9m 14 - 900 WU /T LEA
ﬁ‘agﬂ‘ﬁ' 1
w3asiadanldlunisnanssiduaenidnia
(End Mil) fumaidurugwinand 12 uaz 16 .
§1% 4 anaa B%e SAP. (Wiznalng) land
Helix Angle fio 30 8971 1 Comer Radius f 8
5 3. A1 Overall Length fia 100 Wal. LAz A1 Neck

Length fia 30 u¥. ANE1AL

an

{ 4 [ A o
31Ul 1 (n) nTesnauuuisgnlul@uas

() NIZUIUNIINATUSIUAD DN
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2.5 N1INAFBUANNYIVILHIVDI WPCs
mﬁ'@m@hmﬁ'waommm;mzﬁwaa‘ﬁumu
(Average Roughness; Ra) la g ¥i1n13iay u
AT WINUNAFEY FMTUNNINAREIHAZYINNNTIA
ANNpIsz LAz uninues WPCs Lilu
28ENTY 10 W, I@Uﬁmu@ﬁmi’@ﬂg\mm 334

Ao NIZULWNINVOUVBITUIIUNT 2 G TUIH
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294 WA= AU AINAN9VBITUI ST 1 39
wazdlen Cut-off Length dia 0.8 aw. lawldin3asia
ANTTVIEAN ﬁ'ﬁaﬁgimiu 31 8J-210 (Jszina
Tne) wazrhmmialufiensswunuiieniemIna
Tosluudazanrasan1iznaasdazia 5 41 lag
ALafe89 Ra WEAIAIANTINN 2

A19199 2 MIVANULLNNINARDILAZAINITADLRHEIVBILARLRNNIZNTNARD

Run Speed Feed Depth Ra (um)
Rate of Cut Side Milling Face Milling
(rpm) (mm/min) (mm) End Mill 12 End Mill 16 End Mill 12 End Mill 16
1 220 200 3 2.933 3.111 4.096 5.261
2 480 400 7 3.041 2.928 4.058 5.119
3 480 300 3 2.689 2.813 3.827 4.863
4 480 200 3 2.642 2.619 3.863 4818
5 720 200 5 2.471 2.874 3.212 4.912
6 220 300 5 3.308 3.268 4.413 5.763
7 220 200 5 3.009 3.171 4.194 5.641
8 720 300 3 2.637 2.882 3.391 5.129
9 480 400 3 3.014 2.857 4.023 4.932
10 720 400 7 2.921 3.153 3.853 5.324
11 220 300 3 3.001 3.182 4.327 5.389
12 720 400 5 2.879 3.096 3.628 5.268
13 220 400 3 3.043 3.248 4.332 5.421
14 480 300 7 2.981 2.912 4.013 5.012
15 480 300 5 2.846 2.883 3.968 4.923
16 480 200 7 2.843 2.746 3.967 4.947
17 220 400 5 3.282 3.291 4.578 5.681
18 480 200 5 2.724 2.682 3.954 4.877
19 720 300 5 2.659 2.986 3.512 5.188
20 720 300 7 2.762 3.057 3.566 5.243
21 720 200 7 2.548 2.953 3.341 5.051
22 720 400 3 2.832 2.946 3.821 5.209
23 220 200 7 2.849 3.294 4.287 5.814
24 220 400 7 3.386 3.341 4.641 5.817
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2.6 NMINAFAULTINAWDI WPCs
AOUNINARBINAT UINUANNNITEENUULNNT
naaadldvinnmesevantaiEinavas WPCs
U3enaudle uiIds (ASTM D638) L3396 a (ASTM
D790) u398@ (ASTM D6108) LazANLDI (ASTM
D2240) MuUSGU Yinn1Inasay 5 £ ALaADuas

ANDBILUNAIIIUVBIMINAFBY AIANTIN 3

®15719% 3 MINAFBLINUGLTINAVEI WPCs

Tensile Flexural Compressive Hardness
(MPa) (MPa) (MPa)
20.05 34.86 2243 76.50
0.18* 0.98* 0.15* 0.32*

nanewe: * fa dudodunanaigu

a I3

2.7 MATIZRHANIINAADY

NNNNTBENULLUNTNAaasLUL la-aanduaa
(I-Optimal Experimental Design) LNERIWANTEND
29099 URZRIFNNZALAUIZFUTBINIINAR DY

o ' a ¢ da X o
I@]mmvlﬂgmi'smﬁmwamﬂ@mumﬂni:mumi
NRNE Usznauais nsiezhauiiesne
2833011 U31809 (Model Adequacy Checking)
N33Rz A1A0 LY IU 3% (Analysis of
Variance; ANOVA) U8IHaNINARES NTUATIER
FuUN1INanay (Regression Model) LA &I
LUUFIRINIIATMAAITASIN N WI8 AR

A dw a aa & a
V9ITAINUBLNGD las3FnINuATnaUawas
(Response Surface Methodology; RSM) 211 % %
m’maaumwgnﬁawawﬁLLuuanmsmnaU
a a ' a A1 o

Immsmmumuummmm;mzmw%a’mmi
Yinue (Prediction) LATHAN 1GA1NN1TIAAIRT

(Observed) 3annnN1TNaasdvads WPCs
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3. Wan1vguazn1sandngna
3.1 N13IAIVFDUAMNINLINAVDIUV VIR DI
(Model Checking)
N1IATIIFBUANNLNIINAVBITOYADN
3Lﬂﬂ:ﬁLﬁaﬁuﬂ'ummgﬂ@TaaLLazLinuﬂwaqms
28NLLLNNINAREY laUENA2E19A1TIATZA
ANuABINaaITayAnNTIzAY luNTING
d 12149 lasld End mill 21410 12 U4, LRAIAT
gﬂﬁ 2 I@sgﬂﬁ 2 (n) A nuaasANNLdulNG
maa’ﬂ”aga (Normal Probability) Wu31 n1In3231Y
vostayaiduuuulnd asenautoysiiniunude
AuEuase (Fuwilduuzasduiduass) wazlainy
fAAaUn AT wlunTIN G35t syl Tayad
mMsnanuanduwuuulnd gﬂ‘ﬁ' 2 () Aa NN uEad
AAMIRREAR1AUNTIINARSY (Residuals vs.

o

Run) WU11 fasnde ey suwisnuday
n1INaaaINtduuwd liunSal AU FUNWIN
6" v A d'n a
RINIINANANIILAARaAIR N TANAAUNG
a J Q Qq// Y v
AadnlunIn a9nn a;ﬂ‘lmw TayavaInNIg
nasadny 2 sruldudarzdanu 3N 2 (a) Ao
NNLEAIAILARIRRdaA NN uNe (Residuals
vs. Predicted) 3zt u'ladd1 d1awindadinng
ﬂi:mMTTUaﬁagaﬁu”l,ximminmﬂm'smﬁlﬁ LAY
AasndadniInizatsagiay g dgudfiving
A% AIHU mmmagﬂ%ﬁw ﬁagaﬁmm
WWAUTNIWT29ANLLTTIU waz3U 2 (9) Ae
AN LFAIAINBIUILGBAINITNARBIDTS
(Predicted vs. Actual) lN3LATITRANURNNUT
°uawhﬁvl,@ﬁ'mmsﬁwmslmﬂgﬂLLuuﬁiwaaaﬂws

NANAYLAZNIINARNDIIII WU ﬁa;&aﬁ
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UNAMNITY

o o o o o A
AMNFNNWINUADUTII D WLEUATI TIFNNITAT
DANOYULRENHEINITNIUILAIIINAIINARDI LA

aﬂwagnﬁamazuﬂuﬂw mmmﬁ’rﬁagamﬂmi

v & A ¢ & = o
A% INNITIATIERNS 4 NN AzLR a0
iagammﬁﬁmwmﬁmwaﬁ'umi“n@aamaz

sansnsn Wl lumsmdransimanzanla

urglultiienianisoinaansinaninale

Normal % Probability

Externally Studentzed Residuals

Normal Plot of Residuals Residuals vs. Run

1000
k]
7] 709565
e R sw
O =) -
: 2
] 3
) 3
0 g ow [0
0 o
2] a
1 P
10 o g
5 & 500
E 3
. o 709%5
(n)
—‘I(]Cﬂ_ (all)
400 200 a0 200 RS T ———
1 4 7 10 13 16 19 2
Externally Studentzed Residuals Run Number
Residuals vs. Predicted Predicted vs. Actual
1000 | 10 |
709565
3&_
500
300
o .
o © b
am fo g o o 5 - %
- [+] . a ZD_
a
o
-500
T 260 |
709565
1000 (@) 240
T T T T T T T T T T T T
240 260 280 300 3120 340 20 260 2% 3w 320 340
Predicted Actual

Eﬂﬁ 2 mimwaaummLﬁmwamaagmmuﬁmaamsmnaﬂ:

(n) memwmﬂuﬂnﬁmaﬁaga (@) NMNALABIRRaGSAUNINARDY

(@) NMNALAEIRRaGaANYNWIY Laz (3) NINAINTIWIgdaAINMINa88Ia39
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3.2 MyienzisluuuIIaaInIIannasnig
aﬁaﬁmmzaumao@i'lmwmqmzﬁ'a

HANTTIlATIEHIUuLUdIReINITRANa NN
aﬁ@‘?ﬁ'mmzamaamwmgm:ﬁamnm:mu
NINAGIRLIIURLATIBHR VDI WPCs LFAIAT
a13197 4 lagona1ad1IHanIITIAI1z W
LUUS889NMINANBINIIRAANIRANZENYDIAINY
mgmizﬁamnni:mumiﬂ”ﬂﬂ”ﬂuﬁwiﬂsflﬁﬁ’ End
mill Y%1@ 12 W 4. WU R-Square (R%) da
WU 0.9347 uaz Adjusted R-Square (Adj-R?)
da1r1nNy 0.9116 ﬁ'ﬁaﬁﬂ'ﬂqum:lﬂ SLABIN
sunsnagdledn gﬂLLum‘haaamsmnaﬂﬁvlﬁ
Lflugﬂl,muﬁmm:au @ENITNANDY WAZAIAINY
m;mﬁzﬁaﬁwam:ﬂumﬂﬁﬁ]ﬁ'ﬂﬁﬁﬂm fla AuLs?
Jau 8aNIUan wazseustaudn Hd1 93.47%
L8z 91.16% a1ud1ey Gslagiialdudaeng 2
A138A1LA% 0.7500 W30 75.00% wanainit
Predicted-Square (Pred-R?) da1tn1ny 0.8719
W50 87.19% Gefd1launinen R® uay Adj-R?
Woadndas uaaslwinudn Sruaudayalu
MINaaIdiRsInadani1shtiuninuslas
fa11uuE o feIn1ny 87.19% wananit
71 Coefficients of Variation (C.V.) 283NN&N112
nInaaed Ja18gIEnI9 3.19-4.31% Gt
afisandnidn G9lanviallusgaran CcVv. aas
fadn3n 10% usasliifiudn nsnasasiinis
mm’i’@amﬂ“ﬁmaﬁa@;ﬁﬁmmgﬂﬁaaLLa:LLaju{n
@ 116, 17]
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3.3 n15ILATERAN ALY SUTIBUALENNITANT
mmaﬂﬁmmzauwaamww;msﬁaﬁm%’u
MINANIHLI9VBI WPCs
INNHANIIATIVFBUAWLWHINEVDIVDYA
WU m”ayjaﬁmmLLaJuﬂﬁLLasz%aﬁ'a §1U1ID
'Lhﬁ’agamﬁ'@@hmwm;mizﬁamﬁwmﬁmﬁzﬁ
anaudsUsau (ANOVA) 289TasbLannagoL
FdasafvinnIsanEn inadiadAu3I AR
wie'ly Taudwuafiszaubdam 0.05
(P<0.05) Fausasnanissiasziarnlsunsy
Design-Expert WEAIAIA1II 5 WL A1A1W
A RERET R O ST LUUSI80INLANIZRY 6D
3duuud1aey 2F aznlaan R IBTHEREDE
Fanuatu a1 P<0.0001 [17, 19] aq‘ﬂvlﬂ”a'w
Ta9pnandsznavals al1u31ay aadan
wazszozUaudn ﬁﬁﬂﬁWMi@ﬁﬂﬂmumEms:ﬁa
aglineday lassyanwalniuiisey A1)
waz AQ2) WuauasldsavaInIiangRauns
aanaufisenuuunisnassslasla-sonduas
(I-Optimal Design) 4ana1nél N133tAs=9iTase
TINVBIN1INAREY WU TI38390I2139
A11uL371780 (A) uazaasndeaw (B) Jaausaw
szriennuTIsey (A) uazszezfaudn (C) ina
089k BEATY (P<0.05) daA1ANNYIVIZA
aninasuTinsznitaandan (B) uazizes
taudn (C) Awaadslddnusan (P>0.05) daen
ANYIVIHI SWTNINAdIBIN909 WPCs
lagld End Mill 2319 12 Uaz 16 N3, ANEAL
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Side Milling Face Milling

Sources

End Mill 12 End Mill 16 End Mill 12 End Mill 16
Std. Dev. 0.669 0.0395 0.0849 0.1051
MEAN 2.90 3.01 4.09 5.23
R? 0.9347 (93.47%)  0.9522 (95.22%)  0.9251 (92.51%)  0.9187 (91.87%)
Adj-R? 0.9116 (91.16%)  0.9424 (94.24%)  0.9030 (90.30%)  0.8900 (89.00%)
Pred-R? 0.8719 (87.19%)  0.9241 (92.41%)  0.8738 (87.38%)  0.8364 (83.64%)
CV.% 3.57 4.31 3.19 4.01

%ONAINT INNITAIATIERFNNTDAD D8 L 1LLG
821/998089N13NAR09 AaWINIILATIE RN T W
Urlomilunsszynansznuauinsvesdiiolan

= ' Qs a Q€ = 3 L2 1
NINBUAIFNLTeaNTV09199Y 2R ladn @0
o a a5 = o A
sulszantuasanuiisevlunisaa (A) ddun
A A a o 4 @ a a5 v
ngalaisunuddudss@nivesaaniou (B)
wazszpzlaudn (C) aydlddn anuiivauluns
o ' ' A A
m@ﬁmani:wﬂ@ﬂmmammwmgm:m %9
15l o usNNITUULY Coded Equation ‘L&

GIgNMIN (1) uaz (2)

3.4nansianaulsdsinuazannisnig
nmnaﬂ‘ﬁmuw:aumammum@s:ﬁ’aé’m%’n
NINANINKNVDI WPCs
mMyeNeRaNNLUIUIRLREENMININANBE
‘ﬁmmmummmwmﬁ;m:ﬁaz%m%’umiﬁ'@ﬁmﬁﬁﬂ
289 WPCs L&aIaIa15197 5 larinue szau
wudAnf 0.05 (P<0.05) wuin ANV
EULLUUT{]”]QQG“?{L%NWZQN Ao pAIISTMERERE
2F ﬂﬁinﬁagﬂLLUUﬁi']aaafEuﬁmﬁTUmﬂ”ty
fia P<0.0001 [17, 19] &3uld4n Jadunandua

Ra (End Mill 12 mm) = 2.91 + 0.2296A( 1)
- 0. 0148B( 2)
0.0870C(1) + 0.0096C(2) + 0.0185A(1)B(1)

0.0126A( 2)

- 0.1437B( 1)

0. 0107A( 2) B( 1)
0. 0615A( 2) B( 2)
0.0007A( 2) C( 1)
0.0196A( 2) C( 2)

0.0370B

(
(
(
0.0004B(2)C(2)

Ra (End Mill 16 mm)
0.1022B(1) +
+ 0.0089C(2) + 0.0450A(1)B(1)

0.1992A(2)
0.0778C(1)
0.0317A(2)B(1
0.0250A(2)B(2
0.0239A(2)C(1
0.0011A(2)C(2
0.0006B(2)C(1
)

)
)
)
)
)
0.0039B(2)C(2)

2) C( 1)

+

+

0.0552A( 1) B( 2)
0.0648A( 1) C( 1)
+ 0.0152A( 1) C( 2)
0.0474B( 1) C( 1)
0.0281B( 1) C( 2)

+

+

+

(1)

3.01 + 0.2378A(1) -

0.0013A(1)B(2)
0.0106A(1)C(1)
0.0128A(1)C(2)
0.0011B(1)C(1)
0.0094B(1)C(2)

0.0244B(2)

2)
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ad WilNBEIATY (P<0.05) ABFIANNVITVTEHIVDS
WPCs [1, 17, 20] L THLASIABALNITNAGIBRAEN
289 WPCs wanannii smmsitansidassinues
NINARBY WU T99839032WINAMNITITOU
(A) uazaaatan (B) hazdaagIau3zningaa
au (B) uazszziiudn (C) Ansainslifivodan
(P>0.05) @iammmmgm:ﬁmau WPCs anii
TA3UTINTTNINANNSITOU (A) LaLIzHEAUAN
(C) AnnatnadiviudnAzy (P<0.05) daFANNYIYIE
A1 #MwsumInadunitvas WPCs lasld End
Mill 2371@ 12 ¥, 1589970 End Mill 2910 12 3.
ﬁmmmm:amﬁq@ﬁm%‘umiﬁ’@ WPCs @ atiu
WainmsUsuanuisisou (A) Wdenusuwninu
gaaau (B) daualhdranyTyIzAaddq
Wasuudas wananit Jasusruseninennuii
J0U (A) kazaandan (B) uaztaausiuIzning
ANNL5230Y (A) uazszeztlaudn (C) Anaot19l
Wod1AY (P<0.05) dad1ANTIVIEAIVDINN
FNMEMINARBIFIRILNMINAG WALV WPCs
anIwdaBTINTERINaa T an (B) LasIzaziin
an (C) Anaatnvldlisudnan (P>0.05) dasnaa

272327 Tauld End mill au1@ 16 3. wanand

ar a A; =3
"D']ﬂN&lﬂ'ﬁﬂ@mE]&Iﬂ'lﬁ&lﬂi:ﬁ’ﬂﬁ“ﬂﬂdﬂﬁl’]&lLTJSE]‘]JI%

0/ A dl tﬂl =) 0/ 1 a a taf
n1Iaa (A) Nﬂﬂ&ﬂﬂ‘ﬂi‘}@LNBL‘VIUﬂﬂﬂﬂﬂﬁwﬂizﬁ‘ﬂﬁ

vasdandau (B) uazszuzilaudn (C) ayuldin
arusauts lunisaaduansznulayassdadn
GRREG TS RHIAR VLA EINUNITAAA WD 19V B

WCs UEAIAITINNT (3) WA (4)
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4.09 + 0.2574A(1)

+

Ra (End Mill 12 mm) =

0.0493A(2) - 0.1389B(1) + 0.0330B(2) -
0.0989C(1) + 0.0270C(2) - 0.0007A(1)B(1) +
0.0174A(2)B(1)  +  0.0236A(1)B(2) -
0.0178A(2)B(2)  +  0.0193A(1)C(1) -
0.0559A(2)C(1) -  0.0267A(1)C(2)  +
0.0493A(2)C(2)  +  0.0122B(1)C(1) -
0.0130B(2)C(1) -  0.0137B(1)C(2)  +
0.0044B(2)C(2) 3)

Ra (End Mill 16 mm) = 5.23 + 0.3933A(1) -

0.2907A(2) - 0.1062B(1) + 0.0289B(2) -
0.1359C(1) + 0.0159C(2) + 0.0454A(1)B(1) +
0.0428A(2)B(1)  +  0.0156A(1)B(2) -
0.0420A2)B(2) -  0.1346A(1)C(1)  +
0.0628A(2)C(1)  +  0.0502A(1)C(2) -
0.0263A(2)C(2) -  0.0148B(1)c(1) -
0.0002B(2)C(1) -  0.0039B(1)C(2)  +

0.0113B(2)C(2) @)

3.5 ﬂaa‘i’aﬁﬁNamauauawaa@hmwmqmizﬁa
LAZNTHAARAINBUEDS
NANIZNUVaIRuNaN Usznauals a1nus)
50U (A) uazsailan (B) uazszuzdaudn (C) Aid
HAdaAIN1TAUAUDI Ao ANYTVIEAIVBY
WPCs LLﬁ@]GﬁdEﬂJ‘ﬁl 3 lasunalad1InsiaIey
Teasufinadaniimasasvasnisnass lagld
End mill 741@ 16 ¥8. 31NN13@n©®1 o3 Lile
ANISITeUBaINITHaLR NG wan 220 1w
480 50U/WT dma’l,ﬁmmwmgmzﬁm@mazm

TALA% LHa931n ANL350 U uT R Ll dINad e
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NMIRRBULRAITaINANRAN LAz T UT290213L37
soufmunzay uazidonuiFrvouRnduann
480 1w 720 sau/wfl danalidnanuayusziin
Wuduintes snatinannanuenazanle
FusurinldnanadniinnswasumaiusIman
z%maiﬁﬁ@mmm;mzﬁaLﬁ'u"fu Wosasilon

QI l&, = o v
WWNDKaN 200 1w 300 WAz 400 WN./W11 'Y]’]El.‘ﬁ
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AMNLTIVBINTITLARY DITUIWIUNTAALRAUNIN
&, o I

I mwalmmmwmgmi:mwauamwmw
Wedann Lm«maas’?amuﬁﬁmmzamgu%wm
NITI% dawalmﬁumwmgm:maaﬁa%umu

A =< a X )

waztlaveosTauannuauan 3 1w 5 Las 7 YN,
o v ¥ t&' tgl o v
i lwaasniseioaantNuuInUwa 9vinlwean

1 1]“1]?‘1]33&1’3 WWNBLAN e [20]

A13191 5 MyazRauulIUIn (ANOVA) VOIUUUTINDININANDLAaAIANUFVIZHIVEY WPCs

P-Value
Sources Side Milling Face Milling
End Mill 12 mm End Mill 16 mm End Mill 12 mm End Mill 16 mm

Model < 0.0001* < 0.0001* < 0.0001* < 0.0001*
A-Speed < 0.0001* <0.0001* <0.0001* <0.0001*
B-Feed < 0.0001* <0.0001* < 0.0001* 0.0017*
C-depth 0.0002* <0.0001* 0.0002* 0.0002*

AB 0.0107* 0.0074* 0.2348 0.0258*

AC 0.0209* 0.0465* 0.0482* 0.0057*

BC 0.0874 0.2012 0.7413 0.8015

WANELA: * A1 P-value %a8nin 0.05 PR TIANRG R R P AVL: alakal

One Factor

One Factor

o

3

One Factor

Warming! Faczor imvalved in mutiple interactians

34|

10|

164

249_| 23 |

Waming! Factor invalved in multiple interactions,

e |

Warning! Factor involves) in mukiple inieractions

s |

|

za_|

|

Er)

B: Feed Rate

T T T T T
00

C: Depth of Cut

31U 3 wans:vmLwiazﬂaﬁ'wiaﬂ'nwu?mszﬁ’s
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WANANI HANITNARDIFINITARINITTS
nTAABAINDY §a (Response Surface Plot)
Murea1aupIIEHE [10, 16] laganalatng
ﬂﬁ]ﬁ?ﬂﬁﬁwamﬂmw?mi:ﬁa e AAINDLEWDS
29n1Inaawntin laold End mill au1a 12 Wy.
meﬁ'ﬂugﬂﬁ' 4 - 6 MNAIGU NANAD mﬂgﬂ'ﬁ' 4
LEAIANNISIToULRz AT aun Inadad1aI1a
2325202789 WPCs A nladn danuisiseu
Rndnuasldsanidananss dawa‘[ﬁmmmm@n
A1a0ad haztnltauisseuanatuazaanan
RN ﬁ]zﬁﬂﬁ@hmmﬁm:ﬁuﬁluéu ANRIAL
I@]sl‘wws'lﬁmas‘ﬁlﬁmmwm?m:ﬁaﬁaﬂq@ fa
AIN13238Y 720 50U/MN T uazaas1dani
200 V. /u171 mngﬂﬁ' 5 LEAIAINNLIITOUURE
i:ﬂ:ﬂauﬁﬂﬁﬁwa@iamm’]m;m:ﬁwm WPCs

3 Y v = QI A‘ v
%n:mu'lmw ﬂ']ﬂ'l’u,lL'i’)ié]ULWll“Il%LLEﬂZl"HSZUz

Interaction

a0 _| B: Feed
s | Foo
an_ | § E'x.
- e R N
- Lo ho
Tm L= R
g ] LN
- -
380 ~ 'Y
-~ £y
- ~
= -
360 _|
340
T T T
220 233 720
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ARINAARI dawa‘lﬁmmmm;mzﬁm@m LRSI
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lganussouanadnazsrus o udninudn §INE
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Ieanupypsininiu laswiniieeinlia
ANNB3YIEAINBEA A AANLTITEY 720 T/
P19 wazsenzlaudn 3 WN. LLa:ﬁJ’mEﬂﬁ 6 LRAI
Smiwﬂaml,azszmﬂauﬁﬂﬁﬁwa@iammmm;mz
P’ < I { o a &
AU89 WPCs 921t ka3 1ia0a3Ta NN ey
L% =3 a' n} 1 v a
I3zuzTandnin T mwalummmm;m:m
o X e P . v a
VAN WLTWNY LaztlaoaTonanaduas kiazezin
ANRARI a:ﬁwalﬁmmwmgmizﬁm@aa
audau laswindinesnlidininuegeseii
vanga Ao 8031101 200 VN./UN wazIzazUan
= o o A A o
AN 3 VY. ANA1OU TIFANZNRNIZRNVDILAIE
i'sm‘f\mdnﬁﬂﬂg‘m’nman’n:ﬁl,%m:awawh

ﬂ’nmgmi:ﬁw 83 WPCs

128

zllﬁ 4 Sndwazasfarpanuisauuazaanauninadadiain VUV fvasmsnamuniinlagld

End mill 141@ 12 J4.
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720 3

311 5 nTwazasfaduanuiiIseuuas sy n:ﬁuﬁﬂﬁﬁwa@ia@hmnmgﬁzﬁw asmInaswrinlasls

Interaction

End mill 19410 12 44.

- C: Depth

| %“
¥

128

T T
200 300

B: Feed
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End mill 141@ 12 W4.
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3.6 AN1NANIZANVDINIINLADS LWN1INA
v v % v v
ABTIILRZNAA TR
A ¢ A A o
I HiNarIsneimuizanluniIng
LLazmiﬁwmmhmwmgmzﬁ'ﬂ@ HATNUA
ADUIWDY (Response Surface Methodology) [2, 5]
WU ae A NawNaan S lasLAanA1T AU
ﬁafﬁ'ﬂﬁdaNa@iaﬁm’nmmgm:ﬁ’sﬁﬁﬁnﬁamﬁq@
(Minimize) 784 WPCs Uaa30431U7 7 uaz 8
ANANAL NaIAe UseEnTawwasfiauanuna
ﬁauﬁmm’]m;m:ﬁ'aﬁﬁaﬂﬁag@mﬂm:mum‘iﬁ'@
289 WPCs lapiifadaluniimaaas Aa a11ui3?
a =S o a 6
sou aailaw uarszozilandn lagvinnisaaIney
Toyaniadfdn 811 5un5u Design-Expert

(Version 8) "L@Tama:ﬁmm:amaammmmgm:ﬁa

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2022.12.016

LEAIRIATIIIN 6 laBENIIEANITENT B9
wdmaslunisnaaiudnsves WPCs lasld
End mill 216 12 W3.LAZ 16 WU, Aa ANNLTITOU
720 30U/371 8a3Tan 200 NU/UH WazIzEs®
an 3 wu. lddweinsalanayeszda iy
2.580 waz 2.730 lulasiuas wazdranuianala
(Desirability) 11170 87.86% W&z 85.42%
AIUEITY wanaINH FA 1AM UITENDY
WITNALee3wnINad1wRI eI WPCs lasld
End mill 2119 12 §N.482 16 YN. Ao ANNLSITAU
720 50U/ 8aTan 200 NU/UN WazIzEsA®
n 3 wa. lddmwainIsianugeszia iy
3.280 uaz 4.860 lulasiuas uazAranuninela

(Desirability) t¥inNU 95.14 L8z 95.83% ANN&1GL

A19199 6 WANIATIAFALNINELA a§ﬁmm:ami 2 ﬂ’)’]&l“ﬂ?ﬂix ﬁ’ﬂ%ﬂ’ﬁﬁ/@"l‘ﬁ\‘l

Speed Feed Rate Depth of Cut Prediction Desirability
END MILL

(rpm) (mm/min) (mm) (Ra) (%)
Side Milling 720 200 3 2.580 87.86
End Mill 12
Side Milling 720 200 3 2.730 85.42
End Mill 16
Face Milling 720 200 3 3.280 95.14
End Mill 12
Face Milling 720 200 3 4.860 95.83
End Mill 16
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5 3
(n) (1)
31 7 snzimunzanlunsnaduinezes WPCs: (n) lgaan End mill 2w1a 12 wal. uae
@) lEaan End mill 2u1@ 16 N4,
(n) (V)
317 8 snzimunzanluntsnaduninzas WPCs: (n) ldaan End mill 2w1a 12 w3, uae
@) laan End mill 2u1@ 16 V.
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3.7 NIAIRVFDUNIIINLADI IHNIINA
v v % v U
ANLIIUAZNAATBAR

n13Ia3la aaum’mgnﬁam AINITALG a%‘lums

o a A

naw ama@gLmﬂszﬂauwmaﬁmm:‘lﬁﬁmm:au
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gaanselal lasansmanzauaswindnadlu
NMINAFIBIIIUAEAIUHINU9 WPCs 1899 N
§N1NEZNINAREY A ANNNLTITEU 720 TaU/UN
8a3Ta% 200 YN /W1 LazITEZAUAN 3 WU,
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@ a o & vAa @ & o A
WEAIGIIUN 9 A9dn {IT8T9vIN1INARDILNE
Hudunanisnaasd lagnisilSouisud1annnisg
. A \ &
HIUBLAZAI1TINAINARD Immmwugﬂ
AN1INa UaLYiINIINARaIAIAN YTV
IRNA 5 T WU @11NMIHUI 8 TAIwanedn
ﬁ'ugaq@mﬂmﬁvlﬁfﬂmmm@aaaﬁamﬂmﬁu

A ' ° ' A

5% TIRNNEANNI MIwsaanuTuEiad

' A A ' o A ' '
AN a o lun1IRIA11Ta B MR N RN A B A

1 J.I“ll?‘lliz A7 LRAIAINNTINAS (ﬂ’]i’]\‘]ﬁ 7

[ v v
NAATBKRI

o Y ¥
NAATKBYII

3N 9 MIATIIRBUNITTLADS INIINAMUTIRRZNAG I WAV WPCs

AN 7 HANIATIIFOLNITNLADINIAINZENA AN Nﬂl?’lﬁ:ﬁ’ﬂuﬂ’liﬁ’@]ﬁﬁd

Speed Feed Rate Depth of Cut Prediction Observed Percentage
END MILL
(rpm) (mm/min) (mm) (Ra) (Ra) Error (%)
Side Milling
720 200 2.580 2.622 1.63
End Mill 12
Side Milling
720 200 2.730 2.864 4.91
End Mill 16
Face Milling
720 200 3.280 3.184 2.93
End Mill 12
Face Milling
720 200 4.860 4.681 3.68
End Mill 16
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4. sylua
wisoihidunsansnansenuvasiasoniy
naaad Ysznauaie anui317eu aanden uas
szozdaudn uaznimianizimanzanlunis
NG wIILazaBniIdadIANYIIIEH
289 WPCs lagldn1seaniuuni1snaasdnyy
lo-sanduoa (I-Optimal Experimental Design)
NI FMTIATATIS NN TNARBILAZENMT
1AD88AIENNTIATIERANNLUTUTIU (ANOVA)
wazvinn s annunzan las3EAua
AAUAWDI (RSM) NAN1INAREI WU §A1ET
WNNERNIWANIAAAUIN U URTNVa WPCs
NNEN1IZNNINAREY AD AINLTITAY 720 J0U/
w1 83T aw 200 uu./w17 wazszezaudn
3 Wy, SnIumMInaeudng lasld End mil e
12 U, WAz 16 V. VL@T@i'm'ﬁﬁ'lmsmm’mmEm:
i Ny 2.580 uaz 2.730 Wlasiuas audau
wazd@nIuNsnaa widn laals End mill 2u1a
12 Ud. LA 16 V. "l@‘f@hﬂﬁﬁﬁmmhﬂmw?m:
7 YNy 3.280 uaz 4.860 lWlATias audau
wanand ssdnsiugunaniinaseslasnis
Wisuiiguafiledannsviiug (Predicted) uas
f13979 (Observed) Alda1nniInanss wuin
Juesidudainuuand19szning 2 a1 wasnin
5% agﬂvl,ﬁd'l N92UABNITVANULLNIINARD
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A e = o 6 o a a v
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