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Abstract

Solar cell monitoring system using the Blynk application has some restrictions in crossing platforms for Android
and iOS. Because the widget boxes of the Blynk application are limited in the energy usage to only 2,000 joules,
the web dashboard also has complexity for the application. This paper proposes a solar battery charger
monitoring mobile application for Android and iOS platforms with Firebase, which can operate cross-platform
by using lonic Framework. Cordova is mainly the management of lonic Framework, which will be getting
commands to form HTML, CSS, and Angular JS to each application of Android and iOS. We implement solar
battery charger by using simple buck converter interfaces with Arduino board under Pulse Width Modulation to
control the battery charger, and using ACS712 module and voltage divider circuit interface with Arduino to
measure the current and battery's voltage while charging the battery. NodeMCU is interfaced with an Arduino
module for transferring all data via WiFi to Android and iOS Smartphones. Those data will be transferred for
the record on Firebase at Cloud Server. For the experimental results, the solar charger can fully charge the
battery in 10-12 hours which may depend on the sun's irradiation each day. The average battery voltage after
fully charged is 13.8V. On Smartphones of Android and iOS, our applications can control and display the
operation correctly. In addition, the application displays the history of battery charging as well. Our research
indicates that Firebase has a significant and necessary crossing platform capability on Smartphones that can
operate for Android and iOS.

Keywords: Solar Cell, Monitoring System, Blynk Application, Solar Battery Charger
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1. Introduction

Recently, the advance of Radio Frequency (RF)/
Solar energy is a significant subset of renewable
energy. It is the fastest-growing source in every
country, including THAILAND [1]. Solar energy may
replace electrical power usage and help save
electricity bills. Traditionally, electrical production
may be caused by fossil fuel exhaustion and
environmental pollution problems. However, solar
energy has become clean energy for all
environments. Many organizations in THAILAND have
applied photovoltaic cells in their work, like at
hospitals, office buildings, factories, etc. A
photovoltaic cell, typically known as a solar cell, is
a device that converts solar energy to electric power
directly. The solar cell is usually made from
semiconductor materials like Silicon (Si) [2], Gallium
Arsenide (GaAs) [3], and Cadmium Telluride (CdTe)
[4]. The efficiency of solar panels may depend on
various factors, i.e., sun position, irradiation,
temperature and humidity, dust and shade effect.
Currently, several groups of researchers have been
presented, such as solar panel tracking [5]-[9], the
impact of the environment [10]-[14], solar
application [15]-[19], solar battery charger [20]-[23]
and solar monitoring system [24]. Solar panel
tracking [5]-[7] applied LDR to detect and follow the
sun's position to adjust the solar panel's tilt. The
moving of the sun's position is caused by low voltage
and low current in the solar cell during the daytime.
The next research group is impacting the
environment for the solar cell, which causes by
temperature and humidity [10]-[11], [13], dust [11]-
[12], and shade [11]-[12], [14]. Those of all factors
may cause decreasing efficiency. Solar application

[15]-{19] is hardware implementation using the

photovoltaic power supply. Solar battery charger

[20]-[23] charges the battery by photovoltaic during
the day to support any application. The solar
monitor system [24] monitors solar panels' voltage,
current, and power during the day. For instance, the
paper in [20] proposed a design of a battery charger
that fed from two solar panels for an E-rickshaw. All
authors used one solar panel mounted on the top
and another at the backside of the E-rickshaw. Both
solar panels can track the sun's position by an
elevation angle of about 10-15 degrees with
Maximum  Power  Point  Tracking  (MPPT).
This method has more efficiency than a single solar
panel. All authors in [21] proposed the designing and
implementation of portable chargers for lithium-ion
using the solar panel. Because the lithium-ion
battery is widely used in electronic components,
Arduino Nano is applied to process and control this
battery charger. In the paper, [22] proposed the
hybrid electric charging station by monitoring the
voltage, current, and power via an loT system. Wind
and solar cells are combined to charge the electric
vehicle's battery. A Monitor system has been
proposed under the Blynk platform, which is
managed by Raspberry Pi. The article in [23]
proposed a portable solar mobile system with an loT
application. This prototype comprises many features
such as the monitoring of battery charger,
temperature, and humidity of power distribution box
by showing via LCD and Blynk application on
Smartphone. The research in [24] has also proposed
a monitor system of solar panels which displays
through the Blynk application on smartphones. The
voltage, current, and temperature are monitored in
this project. Therefore, Arduino Mega2560 is used for
controlling the operation. The authors have

proposed a monitor system for solar cells only

without battery charging.
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However, those previous papers have proposed
solar battery chargers [20]-[23]. Some of the papers
may be applied the monitor system under an loT
platform such as a Blynk application [22]-[23]. The
Blynk platform still has some restrictions as follows:
1) Blynk application has many devices in widget
boxes which are limited by energy usage at 2,000
joules only. For this reason, if we need more devices
or the energy usage is over 2,000 joules, we must
buy this option. 2) Blynk application can’t transfer
variable value to the other platforms. This
application means that it is difficult for cross-
platform applications, and 3) the web dashboard in
the Blynk application is not easy to use.

So, our paper presents a simple solar battery
charger that monitors Mobile Applications without
using Blynk, but we developed Mobile Application
based on Firebase, which is more flexible. Firebase
can cross-platform for both Android and iOS. We
have several features, such as a battery charger,
controlling and displaying, warning, and battery
charging history. The battery charger is the initial
voltage and current setting for solar cells and battery
charging. Controlling and displaying are setting and
showing the status of charging the battery via
Smartphone, such as date and time in the present,
voltage and current from the solar cell, voltage and
current at the battery, status of battery charging, and
quality of WiFi system. The warning alerts the battery
charging fault if the voltage and current of the solar
cell are different from the setting values. The history
of battery charging shows all the information for the
past month. Our work indicates that Firebase is
significant  in Mobile

crossing  platforms  on

Applications in Android and iOS.

2. Materials and Methods
2.1 General description of proposed system

Blynk application is a platform of IoT system for
monitoring and controlling via Smartphone. Several
articles have proposed this platform for Mobile
Applications like smart farms [15]-[17] and smart
homes [18], including solar battery chargers [22]-[23].
This platform can easily develop the hardware
application if the user primarily knows the Arduino
program. However, some options may be limited if
we require many devices in widget boxes or if there
are various Smartphones for each user. For this
reason, we decided to cross-platform Smartphones
by using Firebase to monitor solar battery chargers.
Our proposed paper may help motivation for other
applications. The solar battery charger system
comprises a simple buck converter that adjusts the
voltage to match each battery. Pulse Width
Modulation (PWM) signal from the Arduino board will
control the operation of the buck converter by
switching ON and OFF continuously while charging
the battery. The PWM method has OFF status for a
short time in battery charging. This method may
reduce the overcharge, improving the better
chemical action in the battery. Our work comprises
an Arduino board that controls all operations by
measuring the voltage and current of solar cells and
battery using the ACS712 module and display on
LCD. To transfer all data to Mobile Application, we
used NodeMCU to connect via the WiFi system by
interfacing  with  the Arduino  module. We
implemented our work to monitor the solar battery
charger using Firebase, which is more flexible than
the Blynk platform. We also apply lonic Framework
for displaying on iOS.
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2.2 Blackgroud and motivation

In this section, we explain the hardware
components in our work that consists of several
devices such as NodeMCU, Firebase, and lonic
Framework, respectively.

2.2.1 NodeMCU

NodeMCU is a microcontroller module that

can transfer all data to a Smartphone application via
a WiFi system. This node is more flexible than the
Arduino board by supporting the Internet of Things.
Several features are supported, ie., 32 bits
processor, memory flash 4 Mbs, low voltage

operation, USB port, SPI port for SD card, and one

analog to a digital channel, as shown
in Fig. 1.
Figure 1 NodeMCU [15]
2.2.2 Firebase

Firebase [25] is a real-time database for any
application, web application, and Mobile Application
based on a Google platform service for loT systems.
This database is mainly core for interfacing and
transferring all data between NodeMCU and
Raspberry Pi to Android and iOS. It may support both
Python and JavaScript languages. Firebase is a
database in the form of NoSQL, which keeps all data
in  JSON form. There is rapid real-time
synchronization with each device, and it supports an

offline system. This real-time means that all data can

keep in the locally until. After the system becomes

online again, the synchronization will continuously
update. There is also a security rule in which the user
can assign the condition of accessing the data for
reading and writing in Android and iOS. Firebase has
a logo, as shown in Fig. 2. There are many tools and

services, as follows:

¥ Firebase

Figure 2 Firebase Logo [25]

Cloud Firestone: This feature is saving and
synchronizing of data between the user and device
based on NoSQL at the host on the Cloud Server.
This synchronization is a real-time operation that
may support offline systems, including investigating
all data.

Authentication: This is managing the safety of
Firebase authentication. There are various methods
to confirm by using email and password. It may also
combine with the third applications like Google,
Facebook, and Twitter.

Hosting:  This function is reducing the
complexity of web hosting. When the user uploads
all web application content, this service
automatically sends all content to CDN worldwide.
The user will get a certificate of SSL for safety and
reliability.

Crashlytics: It is management and real-time
reporting of each problem on Firebase, respectively,
which helps the user to reduce the overall times of
solving.

Performance Monitoring: This feature is an
analysis of the problem on the application in the

device and improves the performance of that

application.

- Volume 8 Issue 2 July - December 2023



RMUTL. Eng. J

Rajamangala University of Technology Lanna (RMUTL) Engineering Journal

Test Lab: This function automatically tests the
application on the device by Google, which uses
the Firebase test lab during development to find
the defect.

2.2.3 lonic Framework

lonic Framework [26] is a tool for developing
Mobile Applications by applying for the basic
program, i.e., HTML, CSS, and JavaScript languages
for development which will send out the command
code in the form of each application to Android, iOS,
and Windows Mobile. There are many advantages,
such as open source, community, one application to
many platforms, component creation,
comprehensive browser support, Ul design, Web
technology, and simplicity. In addition, it can use
Angular Framework, which can support Web

Applications by using Cordova for management. The

structure of the lonic Framework is shown in Fig. 3.

Tonic Framework

HTMLS + CSS + Angular JS

<

Cordova

< <

Android i0S

Figure 3 lonic Framework [26]

2.3 Hardware implementation

Our proposed system is managed by an
Arduino module which interfaces with several
devices. We divide our circuit into many parts, i.e,,
battery charger by solar energy, voltage, and
current measurements for battery and solar cell
and Mobile Application, as shown in Fig. 4. Our
concept Mobile

supports Applications by

transferring all data to Internet Network via a WiFi

system using NodeMCU interfaces with an Arduino
module. We consider that Firebase may be cross-
platform for Android and iOS, which is more flexible
than using the Blynk application for the monitoring

system.

Solar
Cell

Iibhile
LCD

#| NodeMCU

Microcontroller

Voltage & Current
Sensors

A

Battety
Charger

#| Battery

Figure 4 Block Diagram of Proposed System

Fig. 5 is illustrated all our circuits. The
voltage and current of the battery and solar cell
are measured by ACS712 modules and sent those
values to the Arduino board for adjusting the
duty cycle of Pulse Width Modulation (PWM),
which corresponds with the voltage and current
as user setting for each battery. PWM signal will
be transferred to the buck converter circuit [27]
to reduce the voltage and current for each
suitable battery. This is because the voltage and
current from the solar cell are commonly more
than the voltage and current of the battery,
which is improper for the charger. This is also a
cause of degradation and provides a short
lifetime. Arduino module will display the voltage
and current while charging on LCD and
transferring all information via WiFi by NodeMCU
for Mobile Application.
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Figure 5 All Circuits of Solar Battery Charge

The buck converter comprises two MOSFETs, a
capacitor, inductor, resistor, and diode, which get PWM
signal from the Arduino board via pin-3 by using
transistor 2N222 to drive the PWM signal. This signal will
be sent to MOSFETSs, switching to the discontinuous
mode for charging the battery. Our circuit's limited
voltage and current can be received at 12V and 10 A,
respectively.

Our program is divided into 3 parts. The first is a
battery charging controller, the second transmits all
data via NodeMCU, and the last displays the battery
status on Mobile Application. The battery charger
program has cooperated with voltage and current
sensors, which composes of several functions, i.e.,
checking and displaying the sensor status, initial setting
of voltage and current before battery charging, setting

the time for charger, battery charging, and transferring

all data to NodeMCU. Transmitting all data via
NodeMCU is composed of several functions, such as
connection to the Firebase function, getting data from
the application, getting data from Arduino, transmitting
all data to the application on Firebase, and so on. The
last program shows the battery status on the Mobile
Application, which consists of getting the battery status
from Firebase and displaying functions, ON-OFF
function, setting the voltage and current functions,
displaying the history of battery charging function and

fault of charging function, etc.

3. Results and Discussion

Our experiments are divided into 3 parts: battery
charging, controlling and displaying via Mobile
Application, and recording and showing the history

of battery chargers, respectively.
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v

This first experiment is battery charging. We have
many parameters, i.e., deep cycle battery is 12V at 7
A and solar panel is 100 W. We use the light meter
model of TM-202, and the multimeter model is
Amprobe AM-250. We test our battery charging under
total experiments are 3 times by measuring the
voltage and current 3 times to calculate the average
values versus the average light intensity. The battery
is 3 sets, and we use 1 set per 1 time experiment for
2 days. Each day's experiment is 6 hours, starting at 9
AM. until 3 P.M. This is because the sun has less light
intensity after 3 P.M., which may not be enough for
battery charging. The total days of all experiments
cover 6 days. We depict the details of the fully
charged battery experiment in Table 1. Our work also
implements the abnormal notification that may occur
while charging the battery and will alert the
application. However, the user must find out the
possible cause: 1) Solar cell voltage is less than
battery voltage which means no charge. 2) The
battery's voltage is over 14.1 V, which means an
overcharge. 3) Solar cell voltage is less than 15V,
charging in lower charge mode. In addition, we also
record all information in Firebase on Cloud Server,
which will be depicted in the history part.

Table 1 The details of charging the battery

No. Day Time Status
1. 1-2 9 AM. to | fully charged
3 P.M. of | batteryin 2
each day days
2 3-4 9 AM. to | fully charged
3 P.M. of | batteryin 2
each day days
3 5-6 9 AM. to | fully charged
3 P.M. of | batteryin 2
each day days
Average days of 3 times 2 days
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Figure 6 Average Voltages of Solar Cell and Battery
versus Light Intensity during 2 Days
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Figure 7 Average Currents of Solar Cell and Battery
versus Light Intensity during 2 Days

Figs. 6 and 7 are depicted the average voltage
and current versus the average light intensity. We
observe that the increase in light intensity will
provide the average voltage and current of the solar
cell are changed as well. However, the voltage of the
battery is still fixed for charging. During the
experiment, we can see that the average of current
is dramatically low at 1.354 A of 58200 luxs because
the radiation of the sun decreases after 3 P.M. on the
first day, and we start our experiment continuously
at 9 AM. on the second day, which we got 84700
luxs for beginning at 3.595 A. We found that the time
of fully charged approximately 10-12 hours which
covers 2 days of each experiment. The total of
experiments are 3 times in 6 days which will be
considered in terms of average value as described
previously. Typically, the fully charged time of the

battery may also depend on the other parameters,

i.e., humidity, temperature, and the moving of the

Volume 8 Issue 2 July - December 2023



RMUTL. Eng. J

Rajamangala University of Technology Lanna (RMUTL) Engineering Journal

sun's position each day. At the fully charged, we got
a voltage equal to 13.8V.

The following experiment is controlling and
displaying via Mobile Applications for Android and
iOS. This experiment is based on a WiFi connection.
We consider the function of ON/OFF controlling and
setting the initial voltage and current values,
including the other parameters, before charging. We
test the function of each point 25 times so that it
can operate and display correctly. Displaying fault
means the user may set the voltage and current or
some parameters incorrectly. All of the experiments

areshown in Fig. 8.
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Smartphone, (a) Initial Setting, (b) Operation and
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The last experiment is recording and displaying
the history of the battery charger. The recording is
done during battery charging in the first step. We test
battery charging and also record the voltage and
current every 15 minutes on the Firebase platform.
The total results can plot the graph and table for
displaying via Smartphone as shown in Fig. 9 (c)
under Android and Fig. 9 (d) under iOS, respectively.
As previous mention, we proposed the cross-
platform based on firebase. We applied lonic
Framework for testing on the iOS platform. Our
proposed technique can operate on both Android

and iOS.

4. Conclusions

We have proposed a solar battery charger by
monitoring both Android and iOS. This is because the
solar cell monitoring system under the blynk
application is limited for several items. It is difficult

to monitor on various platforms, such as Android and
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iOS. Our work has implemented a solar battery
charger system, thereby using the cross-platform
method for a monitoring system. We have applied
Firebase and lonic Framework in crossing platform.
Cordova is a significant core in lonic Framework,
which can manage by getting commands from HTML,
CSS, and Angular JS for transferring and displaying on
various platforms, i.e., Android and iOS. We applied
Arduino and NodeMCU boards to process the simple
buck convertor in the solar battery charger under the
PWM controller. ACS712 module and voltage divider
circuit are interfaced with Arduino to measure the
current and voltage while charging the battery.
NodeMCU is applied for relaying all information to
Firebase on the Cloud Server, which is a database of
this system. As the experimental results, we found
that a solar battery charger can charge the battery
for 10-12 hours during 2 days continuously. The fully
charged battery can be achieved at 13.8 V. We have
also recorded the battery charging history. In future
work, we will apply the machine learning method to
learn the abnormal light intensity each day to
predict the time of fully charging the battery. The
advantage of this technique is that it may help the

user to plan battery usage correctly.
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Abstract

This paper presents a simulation program that utilizes the MATLAB GUI interface to calculate part values and
display frequency responses for wireless communication systems filters. The simulation supports computational
theory with three circuit models: T-model, Pi-model, and K-inverter. Users have the flexibility to choose their
desired filter response type, schematic, filter type, passband ripple configuration, and response order. The
simulation's complex equations enable accurate element value calculation and circuit design. Additionally,
users can compare frequency response graphs to facilitate on-demand analysis and design. The simulation
results are in agreement with filter theory, making it an effective tool for teaching and learning the fundamentals
of frequency response in wireless communication. Furthermore, the filter element values derived from the
simulation can be employed in advanced circuit design.

Keywords: Simulation program, Filters, Wireless communications
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Abstract

This paper demonstrates the optical fiber sensor for temperature sensing using OTDR (Optical Time Domain
Reflectometer) with the application of telecommunication optical fiber. OTDR measures the Rayleigh back
scattering optical power signal at the part of fiber sensing for the analysis of the relationship between optical
signal attenuation and the variation of temperature change. Sensor device composes of the optical fiber
wrapped around the thin copper-plated cylindrical shape with diameter about 10 cm. To observe the
temperature effect, hot air will be brown by the hot air blower through the cylindrical fiber sensor. OTDR
signature results from the sending of the optical signal with pulse width 30 ns at wavelength 1550 nm. The
experiment was carried out for a duration of 60s for each optical pulse in the temperature range of 25-130 °C.
The experimental results show that the attenuation of the optical signal at the part of fiber sensor varies as the

temperature changes. The proposed system expresses potential applications for a temperature sensor.
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(OTDR - Optical Time Domain Reflectometer) #9n13

pavaussvasdulatnasiiothu g duwueessiudu

gunsalveredeyqyraunisuas (Erbium Doped Fiber
Amplifier) Laz#latnosuwas (Optical Filter) SOUELE
W& g1adPUNauTae Anti- Stoke Backscattering
Signal ﬁﬁm’ml’maqmuqﬁ [7] wleAnwiauaziden
Auwdug warnsdenan nvendulethuadludiud
Duwuweinneligumngiqmiedigalunisniiaia

N

saudanstdsueesiduledinaavilafi nd ausae

P

ozgiiflonlunismaaeuiiguugiias [8) Ineldiaiosile
Talefifens winsivdeunansenuvedulodiuasly
FTUULHULDS WUUNAIEYA [9] wavuenandladnis
Pauesruu@uwesasaiauseulaeldndnnisiaese
(Macro Bending) Tun1331A5121 AIN15g QLA 8 U0
wdulevuaa [10]
nfiuuaruddeiiisited ey uidediu
Tngjinaueszuuiifianududou Funugs uazdesld
dulodwaevdafiide nsen1sanulaslaseasieves
ulowuasddmunziunisnsata d9a1nnisdnw
foyanuinaesdleiamuadeiiforfiiundesdefos
fr9anANNTUSouTeIsTUURABATsasaldsIu U
dulovuasildlunisdoansiaesalule
memﬁyu"wLauamimmi’mqmuqﬁm"ru
wuloduasniglefinens swududuledinawinsgu
Tuszuvd earsinsauuiay laon1suins eededn
Tofiro1sludsmndudutslunshnsziiieannny
Fudauresszuu dsamnsaldlunisasataduletuas
dlunsdoasuaslfidumueaslunsnsadald Tny
lunmsanainaglinseiguaudinisannaunidaes
LﬁE]Lﬁﬂﬂ’]iLUgauLLﬂadQEUWQﬁ‘UmL%ULsﬂagLé{IusLEJﬁ’lLLﬁﬂ
fiusg souLKUMBILAIMTINTTUBN TlFSUAINToU
a1na3 eaidaudeu Taeldlefifoslunisnsiadn
Furunisnsuidadounduiiolinszinnnuduiug
sendneAnsgadsidanasivgumgll TaefianTon
nansznuvasdulotnasludiuiidusueesndanig
neadeulurasguuniinoud 25 ssenwaidoa fe 130
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2. neuazisnisaniiun1side
2.1 ngwg
2.1.1 msnssdainatuluduloiuss
dlonanfumdluduletuas dyarauasdiulng
azidumslulanenietranin Tuvugifgaduaziiuas
daund o7t tdumsdoundulunn q dunuaves
uleduasduieswiainnisnszidweananienin
N15NT¥LT 98 oUNA ULUULSY @ (Rayleigh Back
Scattering) @ snabndrunil wAna1nn197 waInsENU
Tuanavesdanarsuaznisldidud oldoafures
w@ulouas vlanansudsiuvesriasssiininves
was dsalwdnsseiniswninvesuanuasuluniy

o

uledwas derndudsedninsgayidodynyiuves
wuleiuanilnsninn1snszideweusda [11] Laninq
aun1si (1)
A
A v
a Ao Ardulsednsnisguidedyyiuvesialy
wWulenasiewinnisnizidsweausdd (dB/km)
A fio Anuduturasasideuuluniiuians (ppm)
A A9 AnueIRAULE (m)
nsgeydedyaruiliiduaanainiudeidu

YBITLHLNINIAUNTT (2)
P(z) = Pe?* (2)

o

P fo ﬁﬂﬁﬁLLﬁﬁﬁﬁ;@SMfﬁu (W)

P(z) fo Mdnuuasiinaningaiiudi o dwmidii
LUEN Z (W)

Asnseiiadaundunuusda tHunisnseidauuy
Sangu anudvosuasinsgidaifuanuiuasion
ANy nsdsnmiunsnszdefiiinswdsunlacdled
AMUAUNIUVRIB UM TN BAIIULATEA (Strain) Tu
wduloduas vilwarunsaldlunisasiaduns

duawiiiow aaumall vieauATualsa

2.1.2 [0 Ul99SUUUAIEDIENINNITATLTIYDUTETA
dulevwasanisadszgndldauduiguiges
LUUNTEANEAINNITNSELT 90958 a (Distributed
Fiber Sensors Based on Rayleigh Scattering) Idled
nswedsusivesndunadlunudulotiuas Mauaas
anasag1eraLil ssnasnnaueveduloyinass
aun1s? (3) 1esananulddud eienfuvesnssei
AIRNIUlUTENININTEUIUNITHER [12] Inedns1dlu

a ca Y] A
YDINTNTLLAILUULTYALARAIAIFUNITN (4)

dR 2az
d_ZR = CbaR Poe 2 (3)

2 2 2
Cb:[M} X%: AL WL N W (@)

n

)

N

a  #e Aiduuszdninsanveudyyiaveuadly

w@uleiuas (dB/km)

z fio syarnemuLIANed@uledlas (m)

C, Mo dnsduveInIsnzidauuisda

NA Ao 9os5unas (Numerical Aperture)

n,n, Ao ASTYVNMB LAY IUDIADIUATLARARS
AIUAIAU

m  fe Swiulvusaranunvesuadidumnisly

vduletnwaa

2.1.3 wansenunrarusouluaulyiuas
aszvaunsnannuseuludulodwaadunayinld
Warulidudaduiesandilimswasunsdud
annsgnuneluiduletiuasgnaadu Jadunisinllg
nswdsunlasvesaassyivnmveaduletuas Tng
drulngarnssvidninvesnasazanasniug g ii
Lﬁu‘i'j%uﬁaamaqm'mﬂ'13L1J?{auuﬂawmqmmﬁsﬁwz
Fuediulassadraneluveadulowiuas [13] wanseny

U

nenudeuansaesuleldsaunisn (5)
n=ny + (dn/dT)T, (5)
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o

(dn/dT)  Ae dnsnsAsuudasseninegaumngil
Yo4nTIvinsinmveLasdmiuTany
AU

T, Ao M3t muan1saguLaQuull

Tagaunissianandumsiasundasgamaiiiv
THAnnansenunenasilddudaduitufunaiuas
ldarnssyidininveadulovnasdudiuvosnes
(Core) wazuAanRa (Cladding) finswdsunvadlumy

gaunilfsaunisi (6)

n(r)=n, —An(r/r)® (6)
Wie
n Ao ASSTUINLNYDIABS

ol

a, Ao wiweivihdnvenduludua
AN A8 ANANLLANANUBIATTTLURNUTEN IR DS
LAZLAAARS

r o fie svegdaiiviiennyaaudnansvasduletiues (m)

= v 6
r A9 3ANYDIADS (M)

2.1.4 19713975 (Optical Time Domain Reflectometer)

Tofidions WWwadeafleTafildndnnisindaygy o
n13nszLd e eundu (Back Scattering) 1A ad ulu
wWulouuas TngagiansuanAInssvdwninaes
EulotuaiuayAuuanAIIwesIanseninafad i

v o o =

WnlusaudanadNagiaunauunasaunisn (7)

ot

L=— (7
2n

L fAe anugnveasdulatuas (km)
= &
¢ Ap Anusadluend (m/s)
t  Ap BraaNadsanRunialUwaznauNgs
lofinons
n Ao assvilinuveswastuduletas
Taen151d3mosee o A ertesduiduleiinas

Tawn ANIsgeudedyayiunas SEEEn19 AU

wign1salAetuluduledinas daazuanasiens

Auduusluguuy Non-Reflective Events 71uand
5ﬂﬂ’J']3J‘VI3J’]EJ“IJ’eNL‘VIG!ﬂ’ﬁ§Ij‘I7‘IIGT’1LLWLJ'ﬁj?u WU nsideuse
wdulodnasnae35 Fusion Splice %39 n191A499909
vy Toduas (Bend) waggUuy Reflective Events
a"wﬁ’ummqmizﬁﬁ'm”nmu'qugul,ﬂ un15L4 eun o
duleduaenensuidnimes (Connector Pair) A5
\JourauuuLenalMechanical Splice) dyaunou
Uanwaeadulouiuas (Fiber End) wagn1siinses
uan31veuduletiueas (Fiber Crack) ﬁﬂLLamiugUﬁ' 1
druvesudenlanozunsuveandosdetalofisens
Usznauaae drunniadyyiaunaduas duns1adu

o '

dyaruuas uazdiuussananaduandlugun 2 [14]

OTDR Trace Information

Non - reflective event
* Fusion splice
* Bend Reflective event
J + Connector pair
- * mechanical splice

_/ * fiber crack

Z

Power (dB)

Fiber End

Noise

Distance (km)

JUN 1 gUnuunsuansnavedledinens

laser diode directional coupler  front

connector
A
v J|_
> A analog - digital
| converter
pulse D

generator I

to fiber
under test

photodetector amplifier l display

Signal Processing —

s

JUN 2 lezunsuveasesiioinlofisens

Tnessuuimueesluunauiagldnismeinis
gedur1d991UUUY Non-Reflective Events f101#8
wdnn13nsgadeiidsnuidosainnsiudsunvas
gaungiiveduledinas InevihnisvAnisgaydeings
LUy Non-Reflective Events ‘17iG1°1LLMu'QSUEJQLGZIuL6UE)§

wleuas Taglddsn1suseunuansan (2-Point Loss)
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NEANULANAITENINTEAUYDIINADIATITEY LiTD3I
° ° | S o w o a
NSAWINAINTAYEIMAN [15] Lansisgui 3

Fiber Attenuation by Two Point Method

Marker 1 11 Marker2

JUN 3 MsmAgayidenuunsUTEINMERIRn

2.2 Bnsaniunisive
2.2.1 190004 UYTEUUNITATIVINgaUNNTA I¢
wulegsiuauagloniners

sruunsidugamgdvuduleduasendendnnis

s =

NTELIWUUEDUNFULUULSEE Aaunadalefinels @

Usgnauluselefidessu EXFO FTB - 730 4 w1
Lﬂ%ﬁmmWlﬁgwum“ﬁuqmawmsmimﬂummm 309
Toforsildlusnuadsiiiunsaoudisudussozodig
asinave @ulswuaswidaluuaienuudes (Single
Mode Fiber) ¥u179/125 lunseu u1msgiu U - T
G.653 fAn15anMow 0.192 dB/km 7iA1LE1IAAY
1550 wiluns luduvesnsidousodulovuasdiud
Wuwweestuduleduasluszuuagldisnsvaeusie
aufeunsefadualud (Fusion Splice) wialwainis
qwﬁaﬁmmmﬁaaﬁqm Tnwanugnvsudulauiuas
SruzusNLATSTUEfiaes dn1ue 2.0924 Alawns way
2.375 Alawns auardu dmsudulotnasiund
Dumuwesiinuen 0.1167 Alawns dadulotiuas
a"mﬁLﬂul,ﬁnumja%ﬁmaamﬁ’mmmmwmﬁu%ﬂ’uagjiau
Lm'umaaLmeqniwaﬂﬁ'ﬁLﬁ”um'mqua‘ﬂaw 10.5
WURWAT ANENY 20.5 lwudlums lnglalaniasneang
VUG WHUNDILAINTINTFUB NG IATNFATINANE MY
THdureanandeuiieilvigamgfivesuiunosuna
WA suulasudadeaiuludaduloduasdiui iy
Wulged TuN15RII9d0 UL AN TUBILK UNBILAY

Y o

(o) ld Taffiwesfid Thermocouples Type K lu

N139539aR UM NVDLHUNDILAY IaglnozunIuves
izuuLsuul,szfa%uazmiamé?qquzﬁVi‘Lﬂumiwmaaqme
éﬁ’qgﬂﬁ 4 1ag 5 MUAIRNY
Asveuressyuutuleiinensard sy atad
waadlulussvuinuduletiuas wasidodyanoiad
LLﬁﬂB\i’]‘ui%EJ%VINGIaE]ﬂVlgﬁ%UUL%ﬂ@jL‘lﬁuL‘U@%LguiﬁJﬁ%Lﬁﬂ
TUauiaUanenewesszu azinn1snszidsdaundun
utgintesiioTalefifions anduinistiufindoyadi
Ianlefidensduiindulid sor waziteyailldunyi
nsuanslulsunss OTDR Viewer tlethdeyalunisdn
uiazaduninmgiiievhnaieuiisunisgydsves
Fouanamas o Sumiwenruwesfunsiudsuulas

vosgauniiveaduldua

0.1167 km

Fiber Sensor
2.375 km
Fiber 2

gz jz Fiber end

Fusion
Splice

2.0924 km
Fiber 1

Connector

Fusion
Splice

Copper pipe

OTDR

Multimeters and
Thermocouples Type K

Heater Blower

U7 4 lnezunsussuuwugesildlunisnaaes

0.1167 km
Fiber Sensor
2:8 /3 km 2.0924 km
Fiber 2 l Fiber 1

Multimeters and
Thermocouples Type K

JUN 5 m3fiadsgunsainldlunisveaes

3. HanN153veuarandsie

3.1 NISNAFDURANTENUVBUTUTD LA UL Mad

s

Tun1snedeuszuuwugesiduladnasilonnens
QzALAIAIINE1IAAY (Wavelength) 1550 unluLing
Tudnwarvasnaduaaninaunitewad (Pulse Width)

30 wluAud Whgduledinas Yranailunisidunia
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YoINad LN 1MuUATOUaE 60 UM seznislunig
naaeu (Distance) nasaanued@uladnasuszuna 5
Alawns guugiifllunismaaeuianuuandaiuGy
Faus 25 ssrwadoa Tuauds 130 ssrwadod Tag
nslinudeumeinsondiaueudiludununoun
nsenszuaninumedulotuas Ssazvilindulotuas
TATUNITANEMNANUTOUNIINUN UNDILAT QAT
Budulunisvadaulvinnu 25 eeda1gatdoa
(gmuvinfivies) mnnsal (Event) Ailofifionfuanafingui
FwnY s sLgues 7LAnn1slAssevedulaiuas
Wesannrsdndulodinastud i dus uneuns
wimizuammmﬁqgﬂﬁ 6(n) T esunisvenaugos
uloduandududiszos 2.0924 Alawwns 89 2.2091
Alawns ANIIAY 0.1167 Alalns Kan1sAaay
wuiigamgidudutuiinsgaydefiuaniosnn

mslAssengd 0.498 dB

25

—s
|—50"C
—f—TrC

98 d _|—1ec
=IO |— 130°C

20

-'-li

Relative Power (dB)

0 1 2 3 4 5
Distance (km)
(n)
20

—25C
—350°C
|——70°C
80°C

110°C

Relative Power (dB)

Distance (km)
()
U 6 maTeuiisunsgrdoidnuuaiefinng
LﬂﬁlauuﬂaaqquﬁmmLé’ﬂ&lﬂ’%Lﬁq ARIRII RGN
ueed (n) WaRIAIINETITIVLA (1) NSRS
yoauIe SN Fsfidanuuas

soxvhmsiingamgiian 25 ssrmwadaidu 50
ssmwaduanariiundias 20 ssmwadoa TUauds
130 perniwaldea lednsizsiansgydeidauadls
nasesdeleifens a duntseuiees Jea1nns
wmaauwudﬂLﬁaqquﬁqﬁuﬁﬂﬁﬁmmiqmL%’&Jfﬁ’ﬂé’
wanfindu Inedigungdl 25 ssanwadeon fa 130
peAwaLea dn1saedeidaueas 0.498 dB 2.091 dB
2.648 dB 3.247 dB 3.572 dB uay 3.728 dB aua1iy

1N3UT 6(v) Feaziuinnisaqideniduanianis

a

WasuuUasnnuagauminiasuluveaduletiuas

40

—m— st st
g 2nd st [ O - O O
3.5 || Erdttest I -
—— 4th test —
[ Bt test [ /ﬂ"f
3.0 - Ethtest O
|pe— Tth test
‘il St test
25 L Sthitest
[ 10 test

: : i I
20 30 40 50 60 YO 80 90 100 110 120 130
Temperature (*C)

JUN 7 msgadsveswuwesidulediuas

JUN 7 wanan1sgeidedynuaivadyuiges

[

v o

duletuasannisadeugvianan 10 adaieviinis
nageuszUUwLwesduluduaarsiUBuuUases
dlenaadefimaasuulaseumgll :nnsmageu
wul &g raunisnsziefeunduiinsaatalaain
Tefifenslusumisveasuwesidulothuasildlunsia
onmgil fAmsgapdevesindauasanaudefivuiunis
nagevluadwsn Tnedorinismageusavans 9 adq
lofifonsazuanannnisaiidy Positive Event Tussez

YOUTULYBT WY QU 25 dergalduaie 70

a = a

DIANTALTEALANIAIFUN 8 BlleAINTgayLdedayayo

Y

o
o

(Loss) Maleannlefinersiviansaliivdu Positive Event
Lag Non — Reflective Event 1agla7if 815 92 wan AN
vJuaudmsu Positive Event waga 1w uuind1usu

Non — Reflective Event
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No. | Pos./Length (km) Loss (dB)
[= 1 0.0000 "
— __, positive event 0.391

- (0.1000) 0.021
L3 2.1936 0.175
— (2.3556) 0.437
mn « 45492 =

JUN 8 winnsaliinduiuueesiduleduas

a

waziilevinnismaaeufigungil 90 s aaITya

Y
s L3

quila 130 eeAngalfud lefine1sruantngn1sal
luszezueatwuinasidu Non - Reflective Event s
vinganivnanefveuduluthuasdniiluuiees
wianasuadsasinlivuiamresveuduledwasly
is&JsLLimfuﬁ‘ummﬁngm"] Fadunaainuadives
duloiuauilogumgivendulevuaadudiasuazd
nsvenesivendulethuasilogumgiiveaduleiua
gasﬁu [16] wanaiaguil 9

U 10 wansfsnsisuiiudyaanisnssids
founduveaduloruasivinnsmaaouiigumgiisudy
25 paruwalda vesmageuinun 10 A%y Feusing
Fndanunisnssidsdeunduvenduleiuasiini
MsnAgeUn1sUa sundaswesgumgiidainuduves
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]
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20 test6
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JUN 10 nswSeuiieudyganisasvieunduigamad

25 pargaldeavaInIsnaaauluLAarAs
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JUN 11 amiduleduaneutasndanvmagey
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nagauuansliiiuindulediuasnsgiuildlunng
doanslnsauunavanunsadunuszgndldiduieuees
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Abstract
The purpose of this work is to develop an automatic water, fertilizer, insecticide dispenser system for rose
garden based on timers set via a smartphone and Blynk loT platform. With the aim to reduce manual labor and

save resources, the system is able to control the water supply, fertilizer, and insecticide amount through a relay
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module connected to the solenoid valve. Fertilizer and pesticide mixture stored in separated tanks are
dispensed into the rose garden plot of size 1m x 4.5m via PVC and PE pipes. A dropper is installed above the
base of each rose plant for water and fertilizer distribution. As for dispensing of the pesticide, five spray nozzles
are attached to the pipe at the top of the plot. To monitor the condition of the plot, soil moisture, air humidity
and temperature sensors are installed and the sensor data are collected and displayed on the application. All
control and data transmission are handled by an ESP8266 module in conjunction with a Blynk loT platform.
In addition, the system is able to send alert messages about the solenoid valve operations via Line Notify. The
proposed control system and application were deployed and tested at Ponpimol Rose Garden in Chiang Mai,
Thailand for a period of one month. Throughout this period, the system was able to continuously operate
without any errors or downtime, and all LINE notifications were correctly sent. The target rose plot carried 45
rose plants which were between 30 — 50 cm in height. The amount of water, fertilizer, and insecticide dispensed
at each instance were 42.75 |, 453 ml, 2.26 |, respectively. According to the cost analysis, the proposed system
can help reduce the labor cost by 52%, and after considering the cost of equipment and installation, the break-
even point is around 94 days.

Keywords: Automatic Plant Watering and Fertilization System, Pesticide Dispenser, Rose Garden, Relay Module,

Solenoid Valves, Line Notify, ESP8266, Blynk loT Platform
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roseGardenWateringDecision()
BEGIN
soil moisture = get average soil moisture_in_one_hour()
time = currentTime()
IF time == firstWateringTime
IF soil moisture < firstMoistureThreshold * adjustThreshold
water_relay valve =
ELSE
water_relay valve = f
ELSE IF time == secondWateringTime

IF soil moisture < secondMoistureThreshold * adjustThreshold

water_relay valve = "ON"
ELSE
water_relay valve = "OFF"
END IF
END
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Abstract

This research aims to use cow feces from dairy farms as an aggregate of interlocking bricks. The cow feces
were obtained from the separator process. The dry cow feces passing sieve No 4 were among the ingredients
in concrete which serves as a guideline in producing interlocking bricks as community products. The mixture
consisted of concrete and fine sand in a ratio of 1: 7 by volume. Fine sand has been replaced by 0, 0.5, 1, 1.5,
2,2.5,3,35, 4,45 and 5 parts of dairy waste, respectively. All the mixing used 350 ml of water. A concrete
cube specimen was 10 x 10 x 10 cm in dimension. The moisture content, water absorption, and density were
investigated at 28 days. The compression strength was studied at 7, 14, 21 and 28 days. The results showed

that the compressive strength and density reduces with increasing cow feces. The moisture content and
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absorption of the sample tend to increase. The interlocking bricks with size 22.5 x 11.5 x 6 cm were chosen

from the concrete mix proportion as fine sand to cow feces waste equals 1: 6.5 : 0.5 The moisture content,

water absorption and density of interlocking bricks were also investigated within 28 days. The interlocking

brick is in accordance with TCPS 602, and can be used as building materials.

Keywords: Cow Feces, Concrete, Dairy Farm, Interlocking Bricks
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Mechanical Properties of 3D Printed Parts with Thermal Annealing
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Abstract

This research aims to study the mechanical properties of the Fused Deposition Modeling (FDM) 3D printing by
thermal annealing method, and to provide a recommendation for the selection of suitable industrial 3D printing
thermal conditions by the multi-level factorial experiments. In this research, the parameters in the study were
annealing temperature, annealing hold time, and type of heating. The annealing temperature was set in the
range of 60 to 70 °C, the annealing hold time was 30 to 50 minutes, and the type of heating was during annealing
and post annealing. In this investigation, polylactic acid was used to print the specimens with the FDM 3D
printer with a heat annealing machine. As for the results, the tensile strength was measured with a universal
testing machine using Minitab software for statistical analysis and processing. From the experiments, it was

found that the most suitable 3D printing thermal conditions were the annealing temperature of 60°C, the

annealing hold time of 30 minutes, and during annealing. The ultimate tensile strength was 52.41 MPa.

Keywords: Design of Experiment; 3D Printing; Thermal Annealing; Mechanical Property; Thermal Property
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wuihdunuiifuinanssaneslunanainiiliey

AENURLgNakazLdinIn nAaud19iINIIN1STUSY
A838M5U 9 lasnnnisiiuidugUlugamaivies

&

niogangdunavitlinisdniesaeleluianaves

9 Y

Tassaseluidussidou nanafnifieunnvdnag
wasmmadflagnauieu wazazudedadagniinld
< = ' v ¥ = va
uas nieUdelvianeaiiuiousenly Mellauaud?
maadazlidsuwdaaiiewdsuzuing lneamuauds
Inevialuves PLA fe dadnuniled Wmidniul wagye
waouadligunn wifiauudasedes Auiunisiiy
< & Y an !

AULTITIVBITUIIU PLA AI8TTN150UBBUNINAIY

$8u (Thermal Annealing) td unszuIun15UTUYT S

4 aa

AaaNURveINaaRnINIUNsEUIUNTTUTUMIETTANS

Y

@ a

a9 q undunsguiuntd s deuldiuianwaiain

q

a

Wosnnnistianuieauiulassadwedugiuioungl

Y

t%

Aningamgivaeumaifisaintieszaunsonsedu

q
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Tfluanadniieaiduuilmisduiussfovuariin
Dundnlddety dwalinarafndamnm uazainy
wfsusanef agldemduiainssy uazgraingsy
1¥nau [6,7]
mui%’aﬁ'LLamqmamﬁ’a@anaﬁﬁﬁumwé’amﬂau
BOUNAINUSDU A2981960U [8,9] 51891431 ANAINY
udauseAnlA (Flexural Strength) wagAIALLTILTS
An ( Compressive Strength) Lﬁ'wﬁyumnmsaudau
naALSeuvetudIY PLA fhogmdenisvneusau
mamm%’auﬁqmmqﬁ 130 asrwaldeoa LJutian
300 FuNT azdanA1a L ausadalas (Flexural
Strength) 9091 PLA wuufi lafldeusoudis 58.3%
IummzﬁmmmuﬁﬁqLLsaﬂmﬁﬁwmiaudauﬁquQﬁ
140 peAdutian 600 Furdt LRUTY 39.8% 91067
AUk swsenad b ldviiniseus sunieadud oy
donAdeetuuise [10] AAnwIAIALLT T ed s
(Tensile Strength) vasTanaenlndnid PLA uay
PETG Fatasuussdaoidulomsuauansdu (CF) 910
nsfnwmudieTag PLA uay PETG friarmufonss
Rufiudunudidu 2 way 3 Winendininniseusou
meaudeu 93 [11] vhnsAneiindreiulae
ANYINAYBINITOUSBUNIANUTBUUUTAANAN VDY
PLA ABS uaz PETG fiaiuseidulomiueu gumgd
Tun1sougounisnuiousis 3 gamad léud 65 °C
110 °C wag 85 °C waglviianluniseusaunieainu
Fouwiniu 60 UNT NANITNARBINUIIAIAINLT ST
fufnuanduanuiildlgviniseugeunisaiudeu
16.8% 3.34% Wag 12.4% M1Uasu
Fauidl@inisAnwnseusaunsmLSeuLite
wInsEUIUNISUSUUTsantAvea PLA Avinlsidinng
Wasuwlasausiidna audfidenienin wazni
#ug1uinen (Morphology) Lt alwlaseasneves
wanadnviiai fduain 1 auugil 2) 11an uag 3)
Usznnvasnistimnudeudilasuatiaunuivay diwa

TAFuaunaIafnaunsaiiuALLTansaule

2. ngufuazisnsaniiuniive
2.1 waluladsiuviauds
nsiuaudfdunssuiunisaded unuauiia
Tnsnsifuturesiansie 1 funieldnisaivauves
pouRumeslastunuaufifrgnassiulaeidunouly
nsiegUamYestusumieiiiondn CAD (Computer-
Aided Design) Tneldfaamsiuis CAD Fanadnsiliasls
Tunaaudi vdsantuilngdlaann cab Fadulng
stereolithography CAD %38 .STL Lsﬁﬂajiﬂil,msmuﬁﬁu’u
1mg (Slicing Software) Lﬁauﬁqi’mql,ﬂu%uq faguil 1
wdadsseluduniosiuilumsinidunueenu d94

TanUszinidu (Filament) wanadnutin PLA

Perimeter Infill Raster angle

Raster
discretization

Tensile
specime

U7 1 msuvsingudu q Twensiuas Slicing [12)
2.2. M3oUeaunNAIUTaU (Thermal Annealing) a4
T e E ST T

nsfissiuguiunuanadosisiandifazdodld
qquﬁmm%auﬁﬁmwaaumm (Melting Temperature,
Tm) vomwanadnuiaiy q Swvamnsalvaniuiisals
Fa3uf 2 winiafiuauudanssvesd usunanadin
wldurgamgifivinliianeeusa (Glass Transition
Temperature, Tg) Wiy Lﬁ'aamﬂﬁlqquﬁ Todl
wanaAnfiinisdniFssangleluanauuubidussdeu
(Non-Crystalline) S @ nuaiwadn (Semicrystalline)
fivtaduil undnuazddu ofagmu (Amorphous) Uu
fueg azdunsasuaniuglassadslnl uazanely
Tuanaszdmiesialdfniuuuiu dednsinisdudy
(Cooling Rate) 881911 9 vinlviluianavesnanadiniiiagn
fmdestanntu vilfanuudswssmesmanafinuiuduld

AaguR 3
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Eubbery State
OR

Viscoelastic State

L

]
Glassy State 1 Melt State

I

I

1

Cryatalline

Property Amorplious

Erittle Tough / Soft Melt

Tg Tm v

A Gl Tenawition Temperanare) ielang Temperame)

JUN 2 anuduiusseninegamadl T, uae T, [13]
Temp

Hold

<
%,
%

-
'7,)/7
(]
<

HMeay tern,

S
&

Time
T

JUN 3 anuduiussewingaungd T, AulavednsInig

Y 9

Wusilusyminanszuumseus sunsLSou [14]

2.3 TaQWaIaiNIUNITOUea U NAINTOU
NAFRNIAINTIUUALINIADAANNTINDIAYINANT
susaunenudouldennluvinds ieswinanudui
Anduosmusssuwidl oTang nudaviowaunly
SEMINNTTUINMSHR Wan1sdeudulsznauiildine
110 orauaninnsednseladienminaunungluliu
anuudaussvesian Faduiinsivdulasialuinany
Sou wdWaNTENUABNISIALS BesvasaelglayUsunu
wan (Crystallinity) ‘UadwaﬂﬂaﬂuaxﬁﬂiﬂﬁmimgEJ‘L!LL‘UEN
AANUANIINIEAIN Fadanan on1uud aus
UsgdnSan LLazmqm{lﬁﬁ"mmaa%yuahuaa'wmﬂ
[15,16] fafun1seunanaindsdudnnisliuviueu uog
Aunatedade wu gaumgll Latluniseuseu Latuns
Wui anmuandeslunsiant [Hudu Taanaradnd
JouNuwaudaluszuu FOM Tudagdu laun PLA
PETG uay ABS df1gmmqil T, wavaamandlunisium

AULALARININNTIT 1

15799 1 aamadll Tg wazgaumiilun1siiuianuiia 1o

TaawanaRn PLA PETG uag ABS [17]

Taqhunsnunauiia i T, | aaungiluns
AU

Polylactic Acid (PLA) 65 °C 215 °C
Polyethylene
terephthalate Glycol- 75 °C 230 °C
modified (PETG)
Acrylonitrile Butadiene

105 °C 255 °C
Styrene (ABS)

Tunsanfiunuiselavinis@nvnguiuazanuive
fiisadodunsmiateiddylunsfiuidugy o
wazvdnnsvhuve A ssiurianuiiadonuuasaimg
Aeadunanadndlilunisiant siiauazndnnisvine
Y9egoUsauNIANTeU NMInadeuAmaNTRINaLaY
N194N1BATNTBIT UITUNARBY UATNITOBALUUNIST
NnABY

2.4 MIBONLUUNITNAABIUUUUNNNOISEATIIANING 1

)
a v A

MuIdelldniseenuuunismeasudeunnveliua
wanesEiu aelUsunsy Minitab 19 ¥innsAnensave
39373y lawn gaungdlun1seugau (Annealing
Temperature) 3 5¥6U 11a11un159UB DU (Annealing
Hold Time) 3 sesfU $138sangamniluniseuseudivi
IﬁmmmuﬁqLmﬁﬁqﬂmmmﬁa 11 uazuselnnues
n19liANTou (Type of Heating) 2 5¥AU WazyiIn1g
Vnaewingn 1 A%e fanns1adt 2 evideulvaniizmig
audeuiimnzanivihliauUiidnavestununageu
ﬁﬁwﬁumﬁejm
a15197 2 nseenkUUNIIAaemdeulunan Loy

Awngaunyin g uunegauslataNuLTws IR

o
'V]a;(ﬂ
. JE6U
Uady -
o1 (-1) | nae(0) | & (+1)
Agavgiiluniseugeu (°C) 60 65 70
B.ianluniseuseu (Ud) 30 40 50
TEWIN WIS
CUszanveansivianusou s - AUn
AUN
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aa
3191

'
a

JUN 4 weseseudaunaudeuiumsldausuiv

LASDINUNAUTH

2

-

-
= ,'

i

'
=]

U 5 Jununaasuanmsiuiauiiasiuiunisey

BOUNIANUTDY

JUT 6 MsnedeuAULdusFeases UTM

2.5 Saqunsesdlouazaunsaiililunisnnaes
wsosiurianufiffldlunisneaes iwdesfiuriauiia
52UU FDM 848 Flashforee U Creator Pro A3 ot
anudfluszuu 2 3 wuavesgiiia 0.4 fadiuns
gaumnilun1siungean 240 °C guniigIuiungagn
120 °C pununwesty 0.4 fadiuns dunaiannily
WUl PLA, PETG, ABS wu1adurugugnalsvadidu
wanain 1.75 fadwns Anuslunisiun 30 fe 100
Ta8LWATA I UIT VUIAVDIFIUNUNW 227x148x150
fladuns Fandldlunsiuiandflunismaaes 1du
wanafn PLA 8%e X3D Filament VUAFUNIUAUINAN
1.75 fiadluns gamaiiannsafule 190 §9 220 °C

QauMig U 50 °C

gougaunisnnueuwuudawes Iedwiulunsli
arwdoulasthiedosiuianuinnndslugeuiiiaauam
4n19EM9ANTIU FousuRUUEAMES Ju Over Hear
Protection m‘”agﬂﬁ' 4 uavvuranglugeuning 90
WUALIAT 817 100 WURLUAT g9 70 WUAWAT #1150
muAutsgumadld 30 s 100 °C AiAeuamalAdou
Yosgauniluiiu =5 °C uaglddnsnisdudiluszning
AszEUIUNMIEUSUNSALSauAsT 10 °C dedalus
2.6 msiuaissmMsusuIImAFey

¥1N1590NLUUE IS UNISNAEBUAIN
ufauseiuasnsidsundasuinvestununageuly
LU x wnu y wasknu Inglaluswnsy Solid Work 2020

v

nsdudintndiduunuana .STL wazdndlndidng
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Tsunsudniagy Cura Slicer vin1sususiumis uaz
fnuaiadelumsiniliundun 1dun suaveuie
wanaRniidn (Infill) 1y 100% EULLuumaaLﬁawamaﬂ
73adu Rectilinear is1zidu Infill Pattern fiagvinli
Anuudsusefsnniianainauide (18] gamniily
ASAUN 200 °C Anasalunisiud 50 fadiunsae
Tu gaungdveagiuiunw 60°C Jusinlnedidu
unana Geode neunisldvuiaiesiiuianufifviinig
Tianudoudasdu (Preneat) Tifugufuriuaziafias
Aewioanaudemevesiunuluvasfius wazvii
AsRuRTuuAInIsEenLUUANIAaadluA1s1aT 2
wldgUiununagey fuguil 5
2.7 MIneaoURalauTAITING
mﬁmaammamﬁﬁL%aﬂammLé’uLLiqﬁq%yumumu
1ATFIL ASTM D 638 [19] naaeunniisulunismaass
TnBiA3 09MAdDUANILA LA BIUNYTZASA (Universal
Testing Machine: UTM) §%@ MATEST g1 H0018 léun
nsnadauAuAULIIRlaeltvanwaa 10 Alailasu
midilvanlumsvageu 5 Jadums deundt faguil 6
2.8 nsnsrvaeulasiasndugIuinel (Morphology)
u°wsz?yuwuwmaauma%ﬁauimaﬁ”wqamm
(Microstructure Analysis) Y84MIENA0IANTTAURUULES
§%a SOPTOP Microscope & av818 5111 U5 1ae
é’wuﬁﬂjmﬁaqmwwuwaq%u (Layen) wiawSeuifiouna

vasnshinnudeumensouseuluguuuusiig 9

3. HAN15IPUAZaAUSY
3.1 HANITIATIL AL ENE YR T U 95
naann153aeldannismeass Tnsth s
3 Uade laun aaumgiiluniseudeu vatluniseudeu
LarUsELANUBINISIAINS B YNN1TNAERUAIAINY
Wi ausaiemnioulaainnisesnuuunisnaassls
Ve 36 N15MAaes i ewdasundnd fnaegadl
Tedfnysorauudusefsdidunismaasuayaa
N1SVAADILANIRIAITINT 3 91NN1TILATIENN9EDA
ve3ady gaumgiiluniseudeu (A) arluniseugeu
(B) Uszianvasnislimnudau (O) finnudesu 95

Woasidud nwuii JadeundniiinaneaAinavausdlunis

NARBINTOAIAINLANEER baun Jade A B uay C
\iosarnilan P-value Hounin 0.05 uaziiiediaszd
nawedadesiu wui1tade A*C, A*C diAn P-Value
Younin 0.05 wansindasesiumaniinaserinIy
wiausamalunisnaase wansAilAsIzINNeaiAveeAn

AT ISR 9T TLATIEanTUSHNSY Minitab 19

s
=< v a

drusurndudszansnisanauladunisimsiziian

v
= o '

auwUsusIuiiinduiuanavausslunisneass
Tnslunisnaassiarduuszans nisindaula indu
84.92 Wastdud warnasviin1susuan davindu
76.02 1Wesidud uansfaguil 7 dudunisesurede
aundedievesAinevauesiisinaniaindedelunis
naans wnA1duUsEaNS nsiaaulad wdlnd 100

Wosidud SakaninininuudedavsIn1snaasanuin

&
YU
Source DF Adjss AdjMS F-Value P-Value
Madel 13 843909 64916 9.53 0.000
Linear 5 619310 123862 18.19 0.000
Annealing Temp 2 17.3606  8.6803 12.75 0.000
Hold Time 2 31.78%8 15.8949 23.34 0.000
Type of heating 1 127806 12.7808 18.77 0.000
2-Way Interactions 8 224599 28075 412 0.004
Annealing Temp*Hold Time 4 11.8444 29611 435 0.010
Annealing Temp*Type of heating 2 9.9134 49567 7.28 0.004
Hold Time*Type of heating 2 07020 03510 0.52 0.604
Error 22 14.98N1 0.6810
Lack-of-Fit 4 32604 08131 1.25 0.325
Pure Error 18 11.7206  0.6511
Total 35 99.3720
Meodel Summary
S R-sq R-sq(adj) R-sq(pred)
0.825202 84.92% 76.02% 59.63%

UM 7 ANLASISYNINEAR AVDIAIAINULT ILTIA 9V D

Y

4

a

Residual Plots for Tensile strength
Normal Probability Plot Versus Fits
99 /
. 1 ., **
%0 .« 2
= o %% o
£ - S N e %
g s 2 LR
5 i .
£ P i .
- 4 .
10 ) . *
.
1 - // = .
= i 0 1 2 450 465 480 495 510
Residual Fitted Value
Histogram Versus Order
100
: N

;:.-"

f“ '%\.( »°
\ I L‘

1 l/ L

2s |

” Al
"‘("u".‘ iR
|

Frequency
Residual

00 -2
46 12z 08 04 00 04 08 12 15 0 15 20 25 30 35

Residual Observation Order

JUT 8 unugfin13nT¥AERIveIAIALLT TR
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A5 3 NANISNAEDU ﬂ’)']llLL%QLL?Q;G‘U@Q%UQWUW@E‘T@U

YIUUA 36 NITNAADY

StdOrder A B C Tensile Strength (MPa)
1 60 | 30 | s¥nIa 51.95
2 60 | 30 na 52.01
3 60 | 40 | sIMIa 49.68
4 60 | 40 na 49.63
5 60 | 50 | szwing 49.37

6 60 | 50 ViGN 49.72
7 65 | 30 | szwing 50.01
8 65 | 30 & 49.16
9 65 | 40 | szwing 46.14
10 65 | 40 7 48.83
11 65 | 50 | szwing 48.22
12 65 | 50 VG 49.59
13 70 | 30 | szwing 47.63
14 70 | 30 VG 52.34
15 70 | 40 | sEwang 48.76
16 70 | 40 na 49.79
17 70 | 50 | szwing 45.86
18 70 | 50 na 48.15
19 60 | 30 | s¥nIa 52.41
20 60 | 30 na 51.01
21 60 | 40 | sIMIN 49.15
22 60 | 40 na 50.65
23 60 | 50 | s¥nIna 50.06
24 60 | 50 na 49.08
25 65 | 30 | szwing 50.32
26 65 | 30 ViGN 51.98
27 65 | 40 | szwing 48.47
28 65 | 40 & 49.65
29 65 | 50 | szwing 48.86
30 65 | 50 ViGN 49.74
31 70 | 30 | szwing 48.79
32 70 | 30 VG 51.17
33 70 | 40 | szwing 47.87
34 70 | 40 ViGN 50.91
35 70 | 50 | szwing 45.95
36 70 | 50 na 47.40

3.2 NINTIVTOUAINGNADIYDIN1TODNUUUNITNARET
AU NABIVBINITODNUUUNITNARBIAINITA
759380 UlA NUNUNTN1TNTEA18AIVOIAIAIULAY
qqqmﬁy’a 4 Wy Faguil 8 Feosuneldsil
weunnAuUIaztduun@ (Normal Probability
Plot) uamafedoyafinszaedlasiiuulihndu éunss
wanedn Foyarouniiinngiiingzareduuuung

(Normal Distribution) 8a@lnaunsy (Histogram) wansdg

Toyatinszaredludnuuzvesszdini uansitoya
WmeiiAsiinszaefuuuUnR nsmsIedeuAIny
L@ 85999ANLUSUTIY (Versus Fits) Wi 4A1
wsUnuvesteyafinszaedaludnuauglaifuunliug
AU WARIIN F’]’J’mLLUSUTAU%@Q%@M@%QMM@VFJLﬂi’]zﬁ
lalunnaneiy nsnsaaaeunududasyans Residual
(Versus Order) LLamﬁﬁaaﬂaﬁﬂizm&Jﬁﬂué’ﬂwmxlﬂﬁ
wultiuiidaau wanein doyaiammeiinseiliuysiu
AUAIAUNITNAAD
3.3 memideuleilismanudeusiigegniizen
n3@nw euledi Iidauud ausedsgagnd
LLIZANAINNITYIN Response Optimization Feadune
fannsinaeissiuvestadedvilildnaneudaun
fign (Maximum) Inglunsiiasgriannuidugagnas
vanrsnruadamune (Target) LvinAy 52.41 MPa
Lﬁ'aammﬂuﬂ'mmmvﬁaLLiaﬁaqﬂqﬂﬁ?}Ummwmau

ausasuld wagrivuaAtosdn (Lower) Winfu 45.86
MPa iiesmnidudauudaussfedosiigniliAntuan
N15VARABI93 T SAUF N5 AIMUAA 1Y T ARaR oY
(Weight) wagamd1ud1A gy (Importance) tn AU 1
Wl osandesnisliananey Wrlndeuiniian
(Maximize) 9103 U7 9 o8 unelean n1simuneii

WILNANAINNAINNIT19RAY A2 b badauluvaenIsau

P

gaunnanudoudivzdwaliiinainnuud s
mmxauﬁqﬂ mﬂwamimﬁ"aulmﬁmmzauﬁqmﬁa
gaumnilumseugeuiniu 60 ssrneadea La1lunis
DUBBUWINAU 30 W19 WazUsyinnveen1stiaiusou
FENINNFAUN A1AULTIUSIRIFIFAINNITTIIUERA

Winfiu 51.90 MPa wagilan Desirability winfiu 0.9225

Optimal
D:09225 9
Cur

y= 519025
d=092252 . Y

4' i o o g Yo < = o
?Lh/] 9 m‘?JEN‘TJﬁ]«’x]&l‘l/l’lﬁﬂ’nmauﬂ%ﬂ’lm’mLL%QLLiQm‘V}

WNzauvan
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3.4 5aNI3ATINFOUIATITTNTUTITNE
mﬂmﬂ%'ﬂé’mf\;amﬁﬂﬁuuuLLmﬁﬁﬂé’qﬁum&J 5 ¥

iilossuLiisununuvesty (Layer) 99 sy

Funulaol3ouiisutununageun1seUs aUNIAIY

1% aa o

FouseEnINSRNNaNER wagndsnisiuiauia fagy

'
=

7 10 WUINTUNUNAADUNYINNITBUBBUTEWININITAUN
F7ulun1sAUNATATULINAIN @AARBIN VULV
Amza kaganiy [20] MvinsAnwinalnluniseuseunna
9] a v a dAaX
AU DUNEHEA MLATIFS 190N DS LUNAERNNATUIN
Joulvvesgaumad 13a1 Yseinnvesnishinuieun
Iasvegawmuzaniulssinnvesian navinlvinalasind
ANumte AL uanAugwdunalnlunisiuany

<
bbUILLT

. P
N1FOUTOHN AW DUNTE

nsaudaumannuiaundsan i muiia

g‘d‘ﬁ" 10 gﬂm&Jmmmwan%gumaa%umwmaaumiau

BOUNNNANUSBUTEWINNNTNUNAUAR (VL) Lagnas

MSRUNENTR (@19)

3.5 aAuUTIgKanIINAaDY
HaNARRIEUURLTINANATNAFDUAIL LT ILTIR

Y99 usuRs 3 Jad LﬁalﬁwmaauﬁmmﬁmmLmﬁq

gegauaalmhundseuieuiusenite@uaunlalayia

NMSeUsEUNIIANLSEY FuMuRRusEMINNTeUs U
NAMUSOU LATUEIWINNITOUTDUNIIAMNS DU WU
Funuiviinseugoumeaudeuiinnuudausafiuiy
Mndusuililldinseuseunisnnuteu nsiiuay

wlaussvestunuazliungaumginvinliianseud (Te)

q

¥
a aAda

it \iosnniigungiiseudivesnanadindifingg
JaFssanslelinanauvulidussidounufednumgi
wanaziduninudsuaniuglaseaislml uazanely
lutanaazdniseadaldfnduuuiiudiesnsinisifu
g9t 9 vililuanaveanaafindandnitessiauin
Jurhliauudsusmomanaindiuiu
NHANINARBILAIAUAULTIAGIA iU
52.41 MPa 13 suiiisufud usuneaaeuainnisiu
EULLUUS@%HE%J (Injection Molding) kaganAITAUH
audanuenaisnianaila (Technical Datasheet)
NUNANANUAULTIRGIEAINNITNARRIT AT LILANFNS
NNSRUNALTAFIBATANITRUNLUULALITY T
99101158 ugULUUERTUSY (52.00 MPa) uaziile

[

WIgUeuUAUIuIT8vae Vukasovic Wazaulfeued

v v
a

Wang Aiunauiifdusuiusunageu uagnnaaulamn

Y

v

ANULT ILSIA LY 1AU 69.80 MPa way 60.30 MPa
AUAITU FeArauudausaiisainnismaassiiatosnda
WAnIInSeT 4

A151991 4 MLUTeufisuainuAuLSussiaannng

aaesiulenaTIMATiaLarUITENAEITeY

nansWIguiieuTunuNdag PLA 910 Tensile
M3TUFYUUUAINY Strength
(MPa)
FUNUNAABUINANTNARDS 52.41
JUNUNAFUNTUSUAIBNISTARTUTUIN
U Y
) 52.00
LNA1SNNamALlA [20]
FUNUNAFBUNTUSUAIENSRNNAUTR
Y
i 50.00
NBNAITMIMATA [21]
FUNUNAFBUNTUSUAIENTRNNAUTR
¥ 69.80
1N91U798 Vukasovic Wazany [23]
FununagauRTUSUMENSRUNEUNR
* 60.30

1N Wang uazane [22]
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PNMUITYVDT Wach wazany [8] Anwidfausylaytl
284N150U8UNIANUTBUlAAUNAIE@RNAINATTRUN
amﬁ@asSﬁ’yuﬂismumiLLam‘igumauﬁlqﬂﬁ’aaaa'w
wsnzay SldoRvanUsensislustovaunarsyare
I@uA vunwesdusnuiiauaies aunsatludaus
il Funufienuudawagauaysel mngauld
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Abstract

The utilization has been presented for the seven abandoned mines as the successful projects. The
development and maintenance expenditure have been used for the safety mine place throughout the time by
the business owners. The projects are the Salina turda amusement park, Wieliczka underground church, the
glow radioactive scuba diving, the underground mine ATV riding resort, the dirt racetracks, the Eden project and
the intercontinental Shanghai wonderland hotel. The article objective is to provide the guidance of a business
development for the abandoned mine location in the future. A subsequent section has established the

guidelines for the utilization from abandoned mine which related with the geological information, the
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constraints of mine design and mine environment conditions. The seventeen principles are the types of mines,

a mine owner, the present actual conditions, a route access, a location, a description of mapping surface-

underground area, a geological deformation, the geotechnical risks with abandoned mining, a support of the

expanded area, the water flow direction and the seasonal flooding area, a wind map, a sewage map, an

interactive underground water map, the vibration level, the noise level and the biodiversity. The final section

is the analytical guidelines of the domestic abandoned mines utilization. It is hoped that to future this principles

can be better developed and it will be a suitable guidelines for the local abandoned mines.

Keywords: Mining, Abandoned Mine, Reclamation, Utilization
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