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Abstract

An information technology is regarded globally as the technology that has a role in the
development and promotion of national security in many fields such as military, gsoverning,
disaster, threats, etc. Reinforced security will lead to further economic and social development.
Thailand is considered as one country in Southeast Asia that is stable in national security given
the advancement of weaponry and manpower. Nevertheless, the utilization of the information
technology for data collection, data storage and management of defense weapons — land,
sea, and air defense weapons — remains a vital issue for national security. For this reason, this
academic article has proposed the database system of national defense technology. The system
architecture demonstrates the analysis and design of the national defense technology database
to collect weaponry data in terms of database development in web-based applications. Data
collection and data management in the system are also supported by the capable geographic
information system for displaying detailed information of weaponry at the national level. This
tool will help to enhance further the security potential of the country. Further studies were
suggested for the integration of the proposed database with the simulation and training at the

Staff College, War College and National Defence College levels.
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Lesson of the Shenzhen Special Economic Zone on the development
of the Eastern Special Economic Zone in Thailand
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Abstract

Special Economic Zones or SEZ’s in the People's Republic of China were established in 1979
and known as the "Silicon Valley of Asia" which’s a prototype for developing special economic zones
in other countries as well. This article explores a secondary data analysis and evaluates of academic
papers and research reports for studying the Administration of the Shenzhen Special Economic Zone.
Study issues consist of 3 topics which’re as follows: 1. Management 2. Government policies to support
an investment from foreign investors 3. Investment and the success factors. Moreover, comparing it
with the establishment of the Eastern Economic Corridor (EEC) in Thailand, and bring it as a lesson to
develop the Eastern Economic Corridor of Thailand to have the same potentialities as the Shenzhen
Special Economic Zone. In addition, the study found that the management of a local sector, civil
society and private sector played major roles in accomplishment for the Eastern Economic Corridor

of Thailand development to achieve the most efficient.
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Abstract

National laboratories within government, industry and academias invest heavily in resources
and funding in research and development. Despite numerous discoveries that have been granted,
the ratio of researches have been transformed to military capability still limited. In order to utilize
resources effectively, research agengies must consider adopting New Product Development
concept, alligcnment with organization's stratesy, clarify requirements, communicate with stake
holders, define practical research objective, develop R&D investment plan and technological

roadmap, refine project selection critirias.
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Abstract

This paper presents the test results of hardware and software for sensor and communication
subsystems of Defence Technology Institute’s guided rocket. The whole system was initially tested
on a smaller and less capable weather-modification rocket platform. Performance of two Frequency
Hopping Spread Spectrum COTS telemetry modules were compared and verified for their suitability in
harsh environmental operation, especially their sensors and communication electronics. Telemetry data
from the Inertial Measurement Unit (IMU) was logged and the Inertial Navigation System (INS) data
was calculated from guidance processor before being transmitted wirelessly to a ground station.
These empirical data were recorded for further analysis and compared against those from the

simulation as part of rocket guidance system development.

It was found that both COTS telemetry modules had comparable performance and could
acquire all data through most of the flights. The recorded IMU inflight data, the acceleration and
the angular velocity of the same instance, showed similar trends to the simulated values and some
saturation were found at the upper range limit of the component, i.e. 30g for the acceleration
and 4000 degrees/sec for the angular velocity. After some calculations of the measured data,
the calculated values of the displacement and various angle data were found relatively closed
to simulated values. However, at later time, the errors were escalated due to the fact that the
fixation of the sensors were not well centered and the sensors were not thoroughly calibrated,

which led to incorrect calculation at the later phase.

Keywords: Weather-modification Rocket, Inertial Measurement Unit, Inertial Navigation System,

Telemetry
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Tethered Drone
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Abstract

This article focuses on problem solving and development of a Power Management Unit (PMU) in
a large Tethered Drone system. Electrical source located on the ground is transmitted through a
lightweight power cable to the drone, which is intentionally retained in the air and perform the
work at all time. This can be applied to a variety of applications such as using as a communication
point that can be installed quickly or using for aerial photography in areas of emergency situations
etc. Since PMU systems in the market are rather expensive and not fully support all requirements
from the user, this prototype is then developed for real application. In this work, the power required
to lift off the drone with a total weight of 20 kilograms and various onboard payloads is at least
4KW. The scope consists of the design and development of PMU for energy management system
in a large tethered drone. Generally, it is divided into 2 systems. The first is the ground power management
unit called PMU-Ground, which is on the ground, acting as a power source of the drone. The
second is the airborne power management unit, called PMU-AIr, which is on the drone. It is used
to manage the energy of the drone's devices. Users can monitor voltages and currents as well as

control switches for various payloads from the ground using Internet of Things (I0Ts) technology.

Keywords: Power management unit, Tethered drone, Internet of Things, MQTT
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Ui 2 dadsznauves PMU-Ground
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4. N152BNWUUTITAISHAZIBNAIS

(Hardware and Software Design)

Tt  9aSunIunN15NLUUINATNILY
@999 PMU-Ground wag PMU-Air Livalila
YOMNUAVBINTITYNUAILNABINT taeluns
sonuuulaiianilugagunsalsng q Ndany

o X < 2 Ay A
wnzauUsznouiudunlussuy dedidenang
APEIUNISNAADUBALTTIIULILAD  FIUNIA Y

% £ a <@ Y o v Y o @ 1
e Uil denudululsdmsutedinas 9
95UV 5IUNINAININAAIUNITOBNMUULAY

NAFDU
4.1 2935 PMU-Ground

Tuguvos PMU-Ground W@n4 Diagram U84
wuﬁﬂ@ﬁ 4 Tpaigenls AC-DC Converter Module
AIFO4ZPFC-02NTL  %83U3tn Artesyn  §sqzvh
wihfndnAenisulasiuussdulndinss uaadu
YR 220Vac (1 input range 85-264Vac ) 1ulse
sulnihnszuansiwuin 380VDC ansnsathluga
el Welufidardelnan ddlu

mseenuuublaldfomn 3 @ 53u 4800 Snef Tu
seuu§alldauv09199501A 1 lWnseBnaedyn
WIS 5VDC uaz 12VDC ieluumdsdng
Tinululasroulynsaaes Wswawes wasuUas
duaaueuzdonduidvia 299singaumall uay
HAIMUANTAANTEUNEAIILTOU

Tughuwes PMU-Ground thiasiishluswaes
fimthilunsuelines uazmueEIsg 9 B9
Tulpsesmsilaidentd Raspberry Pi 4 iiosse
finnundeusisluguvesuasaindu processor
WUV 64-bit, RAM A3139 4GB, Wi-Fi, Bluetooth
Communication Wagw1 GPIOs #19 Wuveda
fifianufenldanusuludnwausialy aunse
fialdlnglinduging 4 wu awd vl
Python Taeasvhmthimdnidu loT Server aasszuu

yananll Faliia NodeMCU paulnsalass

'
o

agvhwthilumsineiudumesing  q  Wu
a s

AU AU NTTUE SINNIEINTNAREUA

Y
[ v £%

A a X AT
avinay Wellgamaligaunuiiseald [udu

D =

g‘dﬁ 4 Circuit Diagram of PMU-Ground

66 Msarsivnrsmaluladiiosiudszna U 2 avuii 5 wauniay - Feviey 2563



4.2 1935 PMU-AIr
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3‘1]17; 6 Circuit diagram v89 NodeMCU i PMU-AIr
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E‘Ll*ﬁ 7 MQTT Protocol
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4.3 1A3991855UU (System Network)
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5.2 NSNASBUSTUULDNALIS
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5.3 NSNAFAUNIATUINLUDIAY
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Abstract

When the ballistic moves out of the muzzle through the air to the target area followed by the
trajectory that has been designed. However, there are many factors that cause a ballistic trajectory
to deviate and become a non-linear equation. Therefore, it is necessary to study, design and solve
motion problems to reduce errors. There are many ways to solve non-linear differential equations.
In this article, presented a method of Runge-Kutta 4th order solution by using the equation of the
ballistic trajectory based on the Modified Point Mass Trajectory Model. The experiment will vary
the speed of the ballistic while leaving the muzzle. As a result, the ballistic trajectory at different
initial velocity will deviate from the regular muzzle. In addition, the position of the ballistic will be
different at various times. The Runge-Kutta method obtains an accurate solution which can be

applied to develop embedded specialized systems.
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Abstract

Currently, the domestic use of rubber currently has high productivity but price is very low. To encourage
the use of domestic rubber, this research is aimed at the application of the natural rubber for military work and
applications as well as the development of basic research to support the research and development of combat
vehicles and weapon systems of Defence Technology Institute. The natural rubber application is emphasized on
the basic knowledge in research and development of bullet proof rubber to enhance the military vehicle potential
such as wheeled armored vehicles and combat patrol vehicles. In addition, the bullet proof rubber can reduce
the other technology installation such as run-flat tire and CTIS system.

This research studied the behavioral impact of bullet proof on the rubber sheets and sandwich
composite structure of natural rubber and Kevlar using experiment and Finite Element Method (FEM). The
experimental and numerical conditions of bullet proof rubber are under shocks with boundary regulations.
A series of FEM analysis and comparison against the test results were performed by using basic boundary
regulations and the mechanical behavior model of hyperbolic materials based on Moony-Rifflin, Ogden,
and Yeoh equations together with the experiment data.

The coefficient of the rubber model equation was obtained by curve fitting of the experiment data.
The experiment of the M193 bullet fired into the rubber sheet with 30 mm thickness showed that the
bullet penetrated the tire concept made from natural rubber easily and caused great damage to the rubber.
For the experiment of firing the M193 bullet on the rubber with Kevlar inserted in the middle (Sandwich
Composite Structure), it was found that the bullet also penetrates the samples, making the rubber and
Kevlar clearly separated. In addition, there are the suggestions concerning increase of the experiment to
ensure integrity of test results for prediction of the reliable coefficient of rubber and Kevlar models, thus
reducing errors in curve fitting due to small experimental data. For future research, the flexibility behavior

of rubber is taken into account to accurately predict the behavior of natural rubber.
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Abstract

The design of fuze in this research use the methodology and procedures indicated in MIL-STD-1316D
which determined the safety qualifications need to be considered when designing fuze. This design
incorporates both mechanical and electrical mechanisms for target perception, conditions and command
responses that are pre-determined for safe and accurate detonation of the fuze. Also, patents are studied
as guidelines for designing and developing of the fuze to further enhanced safety and potential of the
fuze. This research article is a report of the design and simulation of Electri-mechanic fuze to use as a

foundation for further studies in the future.

Keywords : Fuze, Rocket, Electro-mechanic fuze
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UNAIIUTVE

nsnagauUseansn mimelnilaiives
LiSi/LICI-KCl-MgO/FeS2 9aalfgIdisUALILUULUARMDIAIN5 DU

[

MM SAuRus 1 way adeugyn d9unTIA 2

(9 [

WUHSU 7 Aenau 2563 Suiiudly 19 danas 2563 Yumeudu 21 aaeu 2563
UNANED

LURLABIAILSBU (Thermal Battery) gnasnuuunniluiiiamiieUssgndldauniinisnms
Ay I a o w Y] ) ~ . = &
PApenITANTUIRIITITEge Ingandenannianisluiiedl (Electrochemical) Fadunis
Wasundanuadiifundanulihlnemsuaniuaeudidnnseu wumne3auseu (Thermal Battery)
gneenwuunldliiissniufien usanusaiuladuszesnaunulaslifanisaeUszq (Self-
Discharge) #4a3Ausznaufiddgmeussananmvesiunmesfelfisenainislugadsening
TN (Electrode) wagdianinslas (Electrolyte) uanantiudiuusenauue Lyasd lLUAADS
deludundeslinud Ay iesinauanunsalumsinfundanuiuedfuriinuazautfives
[ d' o ° 3 a a 13 a o aglj < = a a
Fanmialdlunisitaualng welun wagdidninslad lunwideiilunsfinwsednsainmig
A ail Tnenisneasuwu iy 3 d2u Ao Half Cell vo3taualun (Anode) FaduATIZRA8E1S
Li/Si, Half Cell vestaualng (Cathode) Fedanszsinaeans Fes2 tuman wag Single Cell &
Wun1susznoutawelus idninslad wazinuwalnanedaudu Tasinlunageulseansninmig
T adinauinsomadeu Charge-Discharge Test wuan fiA1ANA1SANG (Voltage) NTauslun
Uszuna 0.20 - 0.25 V A1ANANANE (Voltage) NaualnaUseunu 1.6 - 1.8 V wazilpinu
ANANgURLTAALUALADS (Single Cell) 2.66 V

o

o o = s s a a a = = %
AaAeY : A30TAE, Wwadned, Uszdnsammslniliadl, wuaneiausou

! dwanAmnssuingsuidauaziiundes 3ie il dedfeuasinmn andunalulagdesiulseina
2 gudnalulaglavsuay Tanuriand drinauimuninenmanswazmaluladuisni
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Test of Electrochemical Performance

LiSi/LiCl-KCl-MgO/FeS2 Single Cell for a Thermal Battery Prototypel
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Abstract

Thermal batteries are specially designed according to the requirements for such
military applications which present the need for a high power density battery. Thermal
batteries rely on an electrochemical cell to produce an electric energy from the energy
released by a chemical reaction with electron transfer. A thermal battery is a
non-rechargeable, single use battery that can be stored for a long time without
self-discharge. The key composition of the performance of thermal batteries is the chemical
reaction between an electrode and an electrolyte. The materials selected for anode,
cathode, and electrolyte are also important for energy-stored capacity. In this work, the
performance of electrochemical cell was investigated. The experiment was divided into
3 parts to investigate; (1) a half-cell reaction on anode which was synthesized from Li/Si;
(2) a half-cell reaction on cathode which was synthesized from FeS2; and (3) a single cell
which composed of the anode, cathode, and electrolyte. The charge-discharge test was
used to investigate the performance of set-up electrochemical cell. The results showed
voltage of 0.20 - 0.25 V on the anode, voltage of 1.6 - 1.8 V on the cathode, and the
voltage of 2.66 V for the single Cell.

Keywords : Half cell, Single cell, Electrochemical, Performance, Thermal battery
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1. umhuaznguiiiiendas
wumnedifugunsaifivimdfiivazay
wiulaensdsundenuaiidundsaulni
Frondevdnnsmalnihuedl Electrochemical) N3
waniUdsudidnasourasiinuffseadiAady
szualih Tumeansmmnsalafinsthuunmesun
Uszandliusreudnadinslinuidimgniuunmed
hlU Benn wumeeIaudeu (Thermal Battery)
Indununmeiuguniniesldan (Primary Reserve

Battery) anunsaldlansaden [1]

wustaeiaueulsuussyndlday
vamsmns daduuvamdamilsituensioedes
a5t dfuasinluyssendldiunienisdu
ilesnnnuaniAmenadididon (2] Wuuumme3
flFnuldifiosndadion Irenumunutudsidgs
iesnnuunnedfesnisnszudluingaiszozm
FunglulaiiAu 100s AUNUILUULT AN 5959
FudunuantRfiddy wenandu Sl
v iulisseznmenuulpglifiodimsithysnwm
wiogdlsfiny uummedIanueudinsidoidede
iesanldmnuseulunsianudmalfgumg i
fufifuunimnedgeuin (>230°0) uagaaudu
(Voltage Output) TosuUnmeslietusananusyes
namstirulnsuuameignassdunsiaudie
ANSeU (Thermally Activate Batteries) losann
mema’%mﬁmﬁtﬁawﬁamiﬂﬂv\lﬁﬁqmwgﬁmimmﬂ
Fedesiinisnsziulagldauiouliinnisgnlnd
Heat Plate axvhuihilinmsiiuinmanufoudiedu
widmdnulinmsvasudidnivsladiilogamgiigme
TrzviaoumaIanTBEnnglas (mp. LICLKCL 352°0) [3]
Uszanay 500 C [2] Bidnivsladiinnisviaeuivaiuas
Suinuffseuaitu Smsuandsudidnasould
waalni wargmihlldduunamaanulunis
FuindeunazauAusTUUselY

dnuUsEnoUTRITASHE (Single Cell) LURRES
anu¥eu Usznause 3 daude aluih Electrode)
Usvneumedhuelun (Anode) uazshualng (Cathode)
Bidninslad (Electrolyte) wag Heat Pellet viuihdl
TAnufeuniwad wanaguil 1

JUM 1 dhulseneuvesaduunies [3]

Uiz lwihuadiiAstunelusadiunmed
Seni1 Uffisesnend (Redox Reaction) iuugfisen
fmsuanivisudidnaseusswiansmasriliay
sonfinduiinisiasuudadly Swgvilileznennes
swueigade vielisuBannsou BunUfiRuiAn
madedianeseuh UjiBeneendadu (Oxidation)
wdnihuslusosUnAes uazBonUFiReTEing
fuBidnmseui UiFReEdniu (Reduction) axifedi
Huelvamouumned  Teufisenediindnluiai
gniaudundsailiinuazgniivazasluiunines
ieheoannilunszudlain dwiuuifteneines
wunezeln Li/Fes2 Tagld LiCKCl Whudidninslad
ArUffse et nelunuavuelnauandlusUf 2

Ui 2 nalnnsiinuisenaineluwas
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Ufnselriiainintuluwaduunines
AU (Thermal Battery) Ao Ufisen3nend
(Redox Reaction) \JuuffzeniifinsuaniUaeu

ANNTOU WARIPBANNITHAT F1ail

Reduction Reaction:
FeS2 + 3/2Li+ + 3/2 e- > 1/2 Li3Fe254 (1)

Oxidation Reaction:
Li13Sid —> 4/3 Li7Si3 + 11/23 Li+ + 3/2 e- (2)

2. /A nlun1sIe
2.1 g@13Adl
1. Lithium, Li (99%, Aldrich) 9u1991n1A
1-6 mm
2. Silicon, Si(99.5%, Alfa Aesar) UU1ABUNA
45 tm (325 mesh)
3. Iron (Il) Disulfide, FeS2 (99.5%, Aldrich)
wneunIA 45 LLm (325 mesh)
4. Polyvinylidene Fluoride resin, PVDF
(Aldrich) AusUILLY 1.74 g/cm3
5. Lithium Chloride-Potassium Chloride,
LICLKCL (Alfa Aesar) digaviaesivian 357 C
kasTUINBYNIA 10 Mesh
6. Magnesium Oxide, MgO (99.95%, Alfa
Aesar) ¥1aaunIA 45 Lm (325 mesh)

2.2 w3nsilogunsal

1. Glove box 8% Inert §u I-LAB 2GB
2. AEUNSISOU VWA 149-44 LUm
(100-325 mesh)
3. 1AF0sdALATAN USISAZIER 30 G Do MSK
U YLJ-E30T
4. pgliungaiia
5. Hot Plate gaumgiigan 300°C Bvie IKA
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6. Charge-discharge Test §%a BK Precision
Ju 8616 f1de 1200W Tuusasulniin
(Operating Voltage) 0-500v WagnNIELa
19#1 (Rated Current) 0-60A

2.3 YUNBUNISIVY

2.3.1 fMurwaduUAAe3

UszAnsn i fosnisvednunined dedld
nsvualiingesan 30A lwan 100s @1wnsn
AuInAIAIILg (Capacity) YedwaduunLnes

U Faraday’s Law lédsaunisi (3)

Q = Capacity (Ah/g)

n = Number of reacting

F = Faraday constant = 96500
Mw = Molecular weight

ANUIUNNIT Mw UB9ANS b UANNISLATT (1)

v
=

wag (2) lamad

LigFGqu = 260.773 g/mol
LizSiz = 132.34 g¢/mol
Li13Sig = 202.575 ¢/mol

INAUNITATN (1) hag (2) @Un5aAIuIe
mANAIHY (Capacity) lngldaun1si (3) ladail



#UN50MANANINVRY Oxidation Reaction

[ 5%

OX) i

UszAvdamiidesnsvesuunmes nszualiih
am 30 A Tuna1 100 s ansnsadmInUTIIM
ansTldrowadlianaunsdt @) Ysuaans Lisi
dmsutuelungall

LhRle. ..

910 Reduction Reaction luaunisd (2)
WU 0.5 mol LisFe,Sq $iadld FeS, 1 mol way
0.01 mol LisFe,Sq $iaeld FeS, fail

2.3.2 N15LASUULYAAWUALADS

nawieudauelun (Anode) wawens Li/S
ludnsd 44/56 laeuaa [1] wagkaulidniu
lusgiwasiida wastknmenuiou 300°C Uy
Hot Plate Tu Glove Box Lfuan 90 unit aniiu
THnzunsssoudioliliioynaduiiuuasiisl il
Wudunan 7 Ju Weliuffseuaiiiadeauysal
LLazﬁﬂlﬂé’msﬁugﬂé’amLiaé’ﬂ 3,000 psi VWAL
Fuguenans 20 mm uandlumsned 1

nsw3eudaualng (Cathode) Hauans
FeS2/LiCl-KCl-MgO/PVDF ans1diu 70/27/3
Tneina 91NN15MARDIEIMATY 9 ATaShTIE
fanardudanduiivmnzauiivinldtuelne
annsndatusUldlasldunnuaznanlfidifu
Tuegiiviagdida mnduuanauliiddusnads

W linzwnToULaLnTUTUMEUsISR 3,000 psi
YUIALFUHIUANINAS 20 mm kandlun1sei 1

nswssudaninslan (Electrolyte) wanans
LICL-KCUMgO ludnsidu 65/35 lawana [1]
waznadlvidiilueginasBida uazlinnudeu
Nngungiiviesauia 125°C 18051 0.5°C/min
felidunar 1 v Wemdanuty anduly
anufousieauiia 500°C w51 0.5°CU/min Ju
na 15 $alue dielansvaeusiudadniuy uay
fslilmBuly Glove Box douonlusatugtivad
ABWIIBA 4,000 psi IUIALHUHIUAUENAIS
20 mm wanslums9d 1

2.3.3 nMsnagaudszansawmsindad

AMsnageuUsEaNS A nalidLATl  wana

Tusui 3 uag 4 Avunou Al

1. Usznauwadimesusauwuniness (Single
Cell) Usgnoumledauelun dianlnsiad uaz
PuAlne Fesgouiunuaaulu Single Cell Test

2. 11 Single Cell Test WuauW1 (Tube
Furnace) anu3ouiigaumail 400°C Lileviasy
Sidnlnslas (Electrolyte) Imevmsiousiedn
wUnmeIH LAY Charge-discharge Test

3. Usznau Half Cell $huelun vidodhunlna
ﬁlﬁmﬂmiﬁugﬂiumaﬁ Swagelok Tagldidlviiin
§nil sunudaedaunsgiu uazldarsazane
ddnlaslasmunnsgu nedaeduanmzeaumgiives
wavid ous et lulnfuad s maaoy Charge-
Discharge Test LLamSLug‘Uﬁ 5 evndeuUsyavisnm
naluedl

3. NAN15398

HaNIINAFaUNISonLarAteUsEuuUld
NILUAAITIAELATEY Charge-discharge Test Liag
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o P =4 ¢
M99 1 5'1863[:33@?1'15?]1«!21]“3&3

Composition [0} U/ ad wun pP use8n
Cell .
(%wt) (mm) (9) (mm) (g/cm3) (psi)
FeS2/LICI-KCl-
3000
Cathode MgO/PVDF= 20 0.5 2.00 2.80
70/27/3
LiCl-KCl/MgO 4000
Electrolyte 20 0.5 1.70 1.75
= 65/35
3000
Anode Li/Si = 44/56 20 0.5 2.16 1.00
1000
Single cell Cat+ Elec+ An. 20 0.5 5.86 -
Ul 3 M3UsENeU Single Cell Test UALNN5HBIITT UM 4 mslyinnuSouwaduuame3lu Tube Fumace
mMsnaaeuUszansnmmslniiveasad
4 o Swagelok
mMsasuLUaweIusU (Voltage) LagAIuques Charge - Discharge Test

WUALAE3 (Capacity) wuswansageusandu 3
g1 A Half Cell voatnelua (Anode), Half cell

Vo3 AlNA (Cathode) Wag Single cell AmMuE1AU 3UN 5 M13792395 Half Cell NuLATDIMAFDY
Charge-discharge test

PNMIAdeuUTEAMS WSl Half Cell
vastuelun  (Anode) MHuMsERATIEREE
an3 Lisi3.18 wanslugudl 6 wuin anunsadae
Ausnedng (Voltage) Tnldiszanas 0.20-0.25 V
TneuannssnUsEq (Charge) daust 0.1-0.35 V
Sloteusasulniig 0.35 v eiduanawansinead
Buden 0199zAnanlnih&n9es (Short Circuit)
fuvestaludiumeUssy (Discharge) anunsnndn
I§lneazanainngt 0.2 V uazifu 0 V wihdudl

) . o 3U17i 6 nansvadeuUszansnmnsliivesedasad
1539 0.35V Feo1alunaainn1snaaninslan (Half Cel) vosauslug (Anode) LiSi3.18
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Liﬁ,maummmaﬂmamlumm‘dgmmmmau
AndluihJsanatedesings wenantudmudy
AhadfiAuUszquayaeUsyatiasei uandli
wiudsAnusuuneluwadas 91ainn
Fupounsdaeseiasimaousuiiuldls

gﬂﬁ 7 nansnageuUseansammslniinvesniamad
(Half Cell) vastwalng (Cathode)

PnMsgeuUsEavisn sl Half Cell
vesthualna  (Cathode) Arumsdaaseigne
FeS2/LiCl-KCl-MgO/PVDF LLamTui‘U‘m 7 Wun
anansainAAuReng (Voltage) m’ﬂmﬂi“mm
1.6-1.8 VIGWEJLSJJﬁ]’mmiE]mUiuﬁ] (Charge) Haust 1.0-
2.5 V wagmeysey (Discharge) rnadnglindu
wansliiuIUssansammslniweswaddslyla
naenvazidasunsduasziansiionaasdaliuan
Huidleieafunaraniiznisiiaedugumgiivos
Firnsnanmznslduasidmalinnudiuniuy
neluaddenailangs

MnMsnageudszavnmnidlnd Full cell
YoeuUnneIANNToUlUTUN 8 uansmudliusUs
Andlnih (Voltage) Wieuiusyeziian

\osannnisiiuadvesuunimneininudeu
fanudosmslinuegiiszezinan 100s itolld
nszuagaandl 30A nadsiinnmddylumslda
ieldidninslandinmasmaiaraiusodng
nszualnlanIuABINIT NUIIUINVDINTINAEDU
ﬂ'wﬁ“ﬂEﬂ,w%hs]”amlu'aﬁﬂLamal,ﬁmmﬂqmmqﬁé”ﬂ

3UN 8 wan1snageulszansammdliinveswadines
(Full Cell) vpauunnoIAN5oU (Thermal battery)

Lyiflagaviaeimias (Melting Point) wesdianinglas
Ui eiineluwadislsined eitldFadilietos
wazidlosinilutianatsesna 2000s guvgiisgad
Bidnlnslasvaoumanognsasnysal dunsRaBuEey
ahiawe  @nsasumANLAEn eI UAAEILS
266 V donaemuluuszana 2750 s wuhmay
fing (Voltage) anaseenssind itmaninidnasas
(Short Circuit) iipsansuvedidninsladimaouman
vaAdldamavhlsnlnihoradansdusaiule
VD01 ANTeI RS IwaRIALT s Y
Talifudt Fsdndluihinlsuusiulnenseunssua
T arnn1svnassuanslidiuindndlwihisaled
fsnann amaliulilgnsudlndhsnluse

4. dayuia

NuATelldAnwIUsEaAns nnmsluiiniad
YOUYASUUMADIALSDU (Thermal Battery) Tne
wadlu 3 dhu Ae Half Cell vasihwelun (Anode)
Faduasizaigaeans Li/Si Half Cell wastaualng
(Cathode) Fedaasizrigneans Fes2 [undn lne
maaeU 2 Sl (Half Cell) azdnapsnsvngeu
%qummgﬁﬁamﬁz Single cell Fudunsusyneu
uelun Ennslad uazdhualnmnsdouiy wazih
Tunegoulssansamnslnihedidnenismageu
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Charge - discharge Test 1ngn1991899d01I2NNT
viasuvadidninsladliuieufignmgi 400°C
HANIINAAEUNUTY Apusnedng (Voltage) i
FauelualdUszanas 0.200.25V  Aausinedng
(Voltage) tumlnaldszana 1618V uazenm
Ansdndreaeaduunael (Single Cel) 16 2.66V
wansliiuiwaduunineidussansamnalih
Lﬂﬁsﬁl’wmaﬁmmqmmﬂwmaﬁafﬁ’a Fanuina
fumuneluwaduunnoigs o19dHamaNg
Fuasvhadfiansldnuiuduiodeaiuine
visogumgiinlilunisvasndidninsladeraasdslsl
disawe FeviliiAsemelumadiifntuldli
waENERREYThMsMsnaaennt 2 Cycle 8193y
Faelszuuiinnuiatiosinniu

5. VaLEUDLUS LAY

PnneauTinsiiheiveswaduiunaes
Au3ou (Thermal Battery) Sswulgmuagusziou
mdmnnsihadlslunisineuasiaufidy e
Fuuvamslumsideluewnan sl

1. madeniinsduaneiwaduunmesily
Yadudmaroussdvinmoanad welvnsldoyne
fifunadnuasfuiodeai

2. naINTELATIEVENIMISVIRARUANELTRTNG
mMenilesiu Wy semadin SEM, XRD Wudu it
ATIARUNENIATIAS A TTIduATIZN uazns
nszanefhveiioans

3. mavaeudaninslan (Electrolyte) fldau
ddglunisiinufiseiaiinieluwad AsvinIs
ynoulBsfehgungiuarssernaididninglan
ViaouaIRE ANy TR

6. NARNIINUIZNA

ANER W EUYDVDUANUIEEIY JuNine e
AUNURENSINUNALYIL g ALl s U v
Tunserenisuaglvmiuginvuginnsngau
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MAIAANES AL INYIFENTUNTING NIV ULAY
wagiy Tunstamuugidiuagiwinieide sauielu
Anueylaszsigunsalindesilolunismaadeuuas
nsyauaNanisiageuTiiliunABdeatuil
fiawauysaidty
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