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Developing a prototype 3D model
of fuze parts for the centrifugal force type to

unluck the fuze at armed for the 30x165 mm cartridges

Thawee Deejamala
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Abstract

The objectives of this research are 1) designing a 3D prototype model for the fuze
part which is 30x165 mm cartridges that work on centrifugal force to unlock the fuze at armed
and on spring force for self-destruction this is a principle that applies to general anti-aircraft
cartridges 2) using to develop specialized engineering data analysis and, then, use the acquired
knowledge for prototyping the fuze for 30x165 mm cartridges in the future. The applied
technique could extend the lifetime of the fuze to be longer than the pyrotechnical method
could. The proposed fuze design consisted of two parts. The first part was a mechanical system
which prevented premature or accidental detonation in order to protect users as well as to
ensure safety in shipping and storage. The second part of the design was a detonation system.
The fuze was ready when the cartridge was fired. While the projectile rotated at the speed of
14,000 rpm, the centrifugal force caused the spring to move to the tip of the fuze. As a result,
mechanical parts inside the fuze were unlocked and put in a ready-to-work position, which was
known as the armed position. The self-destruction began when the centrifugal force was less
than that of the spring as the projectile rotation slowed down, causing the firing pin to move

back and impact the primer to initiate detonation.

Keywords : 30 mm. cartridge fuze, 30x165 mm cartridge fuze, Centrifugal fuze, Self-destruction

spring fuze, Self-destruction impact fuze
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Fundamentals, Status, and Research Development on Anode

Materials Based Mesoporous Carbons for Sodium-lon Batteries
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Abstract

The development of energy production and storage technologies with low-cost
and safety is the truly global coalition of every country for carbon neutrality by 2050.
During the past decade, lithium-ion battery (LIB) advancement has improved today’s modern
world and empowered the world’s electric grids. LIBs have been widely deployed in the
portable electronics market and electrical vehicle mobility. The concerns for Li availability
are increasing due to expected demand growth associated with the significant increase in the
LIB market. Therefore, whether LIBs alone can satisfy the rapid development of large-format
energy storage systems (ESSs) remains unclear. To mitigate these issues, the researchers have
focused on alternative energy storage systems. Sodium-ion batteries (SIBs) are the promising
alternatives for large-scale energy storage due to the similar operating principle, low cost, and
abundance of sodium. Due to their high energy density (ranging between 160 - 220 Wh kg ),
specific capacity, and long cycle life, SIBs have also been successfully applied to unmanned
aerial vehicles. Mesoporous carbon materials, transition metal sulfides, and carbon/transition
metal compound composites are considered as the promising anode materials for SIBs in order
to improve electrochemical sodium storage behavior. This article systematically summarizes
the latest research progress of materials and proposes future directions for SIBs. This presents

the implication of SIBs from detailing the importance of anode materials.

Keywords : Mesoporous carbon, Transition metal sulfides, Composite material, Sodium-ion

batteries, Anode
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wayTanaelndnvasianasuaularansUsenay
YpalanynI1uTYY

1.3 nseanuuuiaauitathunlfidutauelun

oghalsfinny naladdigninantéiduds
wolupdmsunumneiadudlosouaziidinis
WViuUszaliangud] (372 mA h/g) uasdldns
AMIAR NTEUIUATUNINL/LB188NVDIRLEEN
(lithiation/delithiation) fisn Fevinlins s
Hufagiilimnzausonsunidutauelun
dmsununmedlniodloseu wzlndeloay
fwualuginindideulossu (Na* 0.204 nm, Li*
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0.152 nm) Jeilvinsunsnidvedeieslesou
Tulpssadrmeansilidfnduldenn dajuded
mmﬁi’wLfluaai’méqﬁﬁ]xéfanﬁwmiﬁmuﬁa@ﬁﬁ
Anuasalumsiniundsuann dsangn
Lazdlgns1N15iAn sodiation/desodiation ‘17'iL§3
othuhidutaueluadmsuuunneslaien
Toseu (§Ufl 5) dwalvinaluladnsinmuunsed
Twfeslospudsrmdlisunnuaulaluidvesingiu
fvnlidussiusznevlunsudmiutunnes
WenBeuieuiutaneniueuniindu Tanasueu
Agwguluszavuludoindutagildsuaiy
auladuegrawnlundvssnisuiulerny
annsalumsinifviazaeyuszy e luly
Tugunsaliniiu/wlsgundanu Imagmuﬁﬂu
sudovagyilfianmiveuditigngulusedvunly
ffuiiduianseusnusessossuinadalilily
ansaranedEninslafnntu Sdumensiedeud
yeadidnaseuiveiies wazviliAnmsnounane
AULASEA (strain relaxation) Tuszning
nsEUIUN1SaR/AeUseq [11]

& carbonaceons materials
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_o mietals and alleys
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o ouides and sulfides

T

[ Co8
Fs|® o Phasphorus and phesphides
—

N

FeO, 4 sthers( Le. srganic materials)
Nrib —_——— +
* Mos,

| e

- Ma,Sb. “3:;;.9 ® 5hds

N 1 Sus | 1
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LilTig0,s Hish Pb'F ] ! L2}
. SRR |
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JUN 5 Adndlnituade versus AmsmeUsegedianil
wunleiniutuelunluiusimesinseuloooy
(sodium-ion batteries; SIBs) [11]

luussadanaisueu endtagay
ASueuedngIU N A waznI1Tiu Tanansuau
Afgwgulusziuunly (mesoporous carbon)
fodutagansueurianilefifidneniwgdunis
thanldvhidutauelusluwumnedindelesou
\osanFagasuoudisigngulusefuulud
USinaugnguann Siuiifinge denuadesds
Tassa$eiid fanwansalunisdauazane
Uszqiigs uazilsnagn (3U7 6) [12]

JUN b Tagmsveniidyngulusgauuilu (mesoporous
carbon) [12]

1.4 Yaqa1susuiidgwyulussdvunly
(mesoporous carbon)
unstudingnguifvunelusesuunly
wazdeufntuechadussfoutiuasnelisnm
maunsndweddmiouAnlfistu dealivan
mfveufinandanmafvuszguniudet
wldPudauelun dofu s. Wenzel wazanw
[13] lsvihnsdansgiiagmsveudifignsuden
sionulaeds nanocasting route (g‘tlﬁ 7(2)) il
tarldidutiuelunlununmesluioulosou
Mnnamsaaedildnuindaueluniivinunain
Fanansvoudifignguidousofuaziidinisiy
Usyqgefie 100 mA h g 91 /5 Tamannsaly
mﬁé’m/maﬂﬁxagﬁﬁ LLasﬁmqmﬂ%'muﬁ&mmu
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a

(3U7 7(b)) \flaasnan (1) lassadegnguiiges

Y

I '

sofuaztsansyszmansuninigludaldi
wazdanasueu (2) N3l mesophase pitch
Juunaswesaivewsstislinlasiaiagania
(microstructure) maﬁaqm%‘uauﬁmwmﬂu
sudouinntu Sedsmalitagafuoudifigngu
Bouseruiiennstlwihifdu dedieututan
AfuouTia s NUvaIAs usuviindu
mATetuilRadunadalenmalumstan an
Amnzauihluldlusunmeslfeloseuiign
ihluldanuiigamgiivies

g
g
&

g E

Specific capacity | mAh giC)"
- 8 8 8

& 10 156 20 25 30 35 40
Cycle number

FU e/(a) nmgevenedag SEM uaz (b) AINI3AY
UsyauazAIUsyansnmpasuvesianmsuey
ilgnyudousen [13]

Tassassgnyuilidondnfuanansaiu
anuansadaadlnirluuunineidifeu
lopauvasianasusuldodadivsd@vtua sz
Junmsanszeenianisunsves Li laenisuns
09 Na* neludaluliihasfinnundiondeiu
Li* Fsnszuaumsdnanifodututmunsng
nsiinuiselunssuIuntssn/melseq i
nseenuuulasaiegnsuiidendnfuiady
nagndfiszavsamlunsiisliruansa
Tumsiniiulszquesianansueuitu asan
\dunsiiudsgnsamnisindoudives Na®
ToATude datdu Y. Yan uazany [14] 16

nsduaseniaquilupeslndnvesianaisueuy
Alassaadugwsuiidoudatunasnsflud
fidnwaizndnourusiiv (U7 8(a) waz3uil 8(b)
WeudgymiiliAnaniana1suousdugiu
Mnwansveaesilinuaquilunedlndndenan
fifmsifiuyszagefiad00 mAh g fimsminuiy
szl 50 mA o wasilaruaiiosiia
(250 mA h ¢! Fiarurmuunszualnin 1 Ag™
wamnlday 1000 59U) (U7 8(0)) flesanann

o s

anvadanalul (1) Janarsueunilasasna
& R} a o do v I

Jugnsuinweudndunduaseilafiaaudu
A NAA T IATSLEYU9TEIINASTUIUYDY
ATSUBNNINGY 0.418 nm 9t Nat @uise
wnsnidlululassaseld (2) essaseidugngu
AdouinfuagyimuMduwnasiniu Na*

Fovilvi Na* unsladau (3) nmswaunsiuasiuly
Tanmsvounidlaseasradugnuideufiniu

9 Y

'
' a

whefuaruausodaaiilnihe sl
falunhidumafunsftudlugshediain
Jeshuagituiifndmiunszuiunisdn/ang
Uszgdnse uaz (@) Tassaiafindneusudiv
Adannisiunsiuasllutaganiuoudd
Tnssafradugnguildondniuazyinlvian
uluneulndniilddanuaiunsolunisda/
AeUseqitn nediiterinendiintuldine
mu%%’a%uﬁ?jqLﬂumﬁl,%‘[amaiuﬂ’ﬁﬁﬁaa
ulurenlndnvesianasueuiiilasaraduy
swyuideuniutagnifluifidnvazadie
wruadrUszynaldlugunsaliniundsanu
fdedetiulavglossudifivualngnindisen
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[] W 00 300 400 SO0 600 TOO
Specific Capacity (mAhg")

U @ (a) mmarevenedeg TEM (b) HRTEM uae ()
AINIsIiVYsryvesTaguiluneulnanvesiag
msveuidlnssaudugwsuidoudniuuay
s uilanvaAs U 3y [14]

agndlsfionu nsfilassawesianmsuou
dgnguluszavunlufianudunsilusen
sdaliianasuaudanadainisui i

L Db =Sp

fiAnsgAnsnmeaewd (coulombic efficiency)
wagdanuansolunsdauazaneysyqilid
Fahuiteifumsuidymenan dnidednlve
FWINNIATUANFNGININGT AUANTWINBUNA
Rewemelsozmen (heteroatom) wagiiineany
w3y ilelfinuInase (active sites) U31Ind
unmes (defect) uazdaaing (void) ilauiiuen
nsliif evwansselunsuanidsuussy
wazemamnsalunsdanazaeysyy anns
oo lulnsieudeduisnfidne anisnily
nsiinunasuazainsiliii desein
sglulasiauiiderdlulutanansuouazeie
Uuunaquandfidadidnnseiinduazanudu

wEnvosanaueuliitu esuainnisd
slulnsiuiiendidnlnsiuntiiaa (3.5) figendn
AI3UBY (3.0) sesmlulasauilvuiadnnan
FoviliiTanafueuiigniFesiesiglulasiou
\AndunsisenfiafuaiBon demalviAnnisunsn
hvesdiBeulsd Juilvianafueuiignide
aaesglulnsiaudainisiiuuszauinninian
asuouitlaildgnidesesila  Bdlundiduns
Fesmlulasauilululassensilvidvesian
AsuauazyliTanesusuliantinisinlni
pdefuansisiithaia N Snse 1iesnsn
lulnsauaglaisdussiundanuiiididnasey
U5590¢ (donor states) Indfuszduinesil
(Fermi level) (E‘U‘ﬁ 9)

N: Graphitie, N: Pyridinic, N: Pyrrolic

JUM & Janarsveudignidenagsiglulnsiou

1.5 Sagarsusuiignidedlssiglulnsioy
(N-doped carbon)

Y. Mao uagamg [15] lavinisussidiv
anuanansadaaiilviinvesiagansueuiiiigngu
TusefuunlufigniFesesislulnsioy Jasdeu
T@anmswieaniulagld caco, Afvunly
sesuuluduwifiast (U 10@) nmans
naaosmuilassadeiidusnguluseduunly
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wazUTnaswlulasiauiigeagyinlianmiueu
sanandiainisiiuuszqgedis 1200 mA h g
(3071 10(b) iflesrnsialulasiuiiFedly
sgliianasusuiiunaunnsosnn ey
WuvinuiiAensunsnidwesdiBen Ssdena
T fandnanfiaruanunsatunisiniuabey
163 wenanil pyridinic nitrogen uagezmom
lslnsiaudiageifinnuanansalunissa/ae
Uszquasianansuaudifignguluszdumnludign
Refesnlulasiaudnde Fadundsunis
gaduvesdiBeulonouiinnasiunuunnses
fflassainsndne pyridinic uaznEINUNTEAU
Y9INTUNINTUAITEUATIUTRAUNNT D716
Joilitanasueuidgnguluszduuludign
Wosresglulaswuiiauausalunisiniiu
aould Tuvnzilassaisiifugngulusedu
uluvesTanafusuaztaoifiunnuiados
desnifunisanszeznisunivesdiseslooou
uardndunafufiuinsuinusesreresia
T/BidnTnsladdmiunisuanivaoulszq
Bnde miateduilfuandiifiui fanansueu
AfgwgulusziuunluiigniFesesinlulasiay
awnsailudszendldlugunsalulsgluas
Aufundsaudu 9 Idegsunsvane sndaeoes
W AufulsqBaenn fuseiizendaadiiin
wadaBeu-faues viowadideunas lus

3UM o0(a) nmgigvenesie SEM uag (b) AINIRAY
Usygvesiagmsveundynguluseauunluign
Woragsglulasiou [15]

uennil Yanasveudidlassaiiadu
sunssnauldgniunldidudneluadniy
wuawmeslifeslesouiduegnann iesanan
fiftguaduzunsnauduasdanumuusiuann
fifuireUsinsi fanuiafosddaseadiegs
wazgansninssaduil duvudalnildine
ondegnaty lulasdadifiswsuluseduuly
(mesocarbon microbeads) fstfu T. Chen
wazan [16] Wihnsduasgiiananfuouii
Tnssehadugunsananiignidesesighlasiou
shemadalulasin Tngldelasaiiazaieluin
vhazaerestihuaziefidulnaneaifuundses
mfUaL (3UT 11(a)) MnwanIsvnaesitlanuiy
Fanensuouiiflassaadugunsnauiignidesie
swhulasauiidinisiiuusyagatie 816 mAh g
Fianamuutunseualniii 50 mA o uazdinen
mMafiulszgegil 660 mA h ¢! wdansldau
50 59U vidousiusiammuNLun sz Ul
1000 mA ¢ Fanarsusuinandadiainisiiu
ﬂssf\;ﬁ 255mAhg’ (gﬂﬁ 11(b) Lﬁ'aammﬂi’aq
msveuiiflassairadugunssnauiignidesme
slulpsiauifuiiingsiianusadniivaiBen
Ioluusunaunn JUsuna graphitic nitrogen g4
Feeiiuanuanusolunisiinfiserv
ﬁuﬁwaﬁamﬁuauﬁﬁmmmmﬁﬂégq dna
Tianensusuiinandeuauisalunmsindu
aBeuldd vuiteduilduandldiiuintan
mfveuiilassairaugunsananiigniFesie
swlulasauiitneningdlunisiunldiduds
welualuuunineslufeslessy
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: ! neasn
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Voltage (V)

£ 000 50

Capacity (mA h g')

FUil o0(a) nmaeveIenIe SEM uaz (b) AINITAY
Uszguavianarsvewiidlavaiiniugunsinay
Mignidedagomlulasiau[16]

uanani arsuszneuvszianlans
sanleduazlansdaluddelagniiunfnw
ol duanfivniududauelundinsy
wunmeslufenlesaudnde nslanzog1ebs
a1susznaudsennlavedalng endiogagu
SnS,, MoS,, FeS,, TiS, uay CoS, dninduian
AldFuamienludagiubuegiann idesan
asUsENUAINAHAIAINY Mg ulge uazdl
Wse M-S fisou Iuhlianansafin fizenlsn
Feansusznevlnueaddalng (CoS, CoS,, CosS,
uae Co,S,) faithuianisnhhauladiuegiann
uonaINd ansuszneudenaiafigniiun
Uszgndlfidusafiuyseqiaenn uummeiaBey
leoou uazfssufiendnse (Uil 12)

UM ol lnssasivvesarsusznavlnueadsalie

1.6 arsusznaudalna (sulfide compound)
a15U5enau Co,S, dawuarsusenau
Tnusaddalidiivnisedrulngduldvindu
dFauelunduegrann esndemsiliihgs
flanuadesdannudoudia wazdidinisfiv
UseqiTanguguin fadu Y. Zhou wavmnz
[17] 3levhnsdansizviansussnau Co,S, il
dnwadugunssnaunaneifisngulusyiuunly
IneUfiise solvothermal WAINNUAIENITHNN
AelAUTTEINIE Ar/H, ﬁqmwgﬁqﬂ (gﬂﬁ 13(a))
Feansusvneu Cogsgﬁﬁé’mﬂm&ﬁugﬂmmamﬂmﬂ
fifisnsulusgduunluiidanseildduasian
MaAUUsERgads 1414 mA h ¢ widsannlden
100 50U fieumuiunszualiin 100 mA g™
(gﬂﬁ 13(b)) Tnensfiasusznau Co,S, finu
annsalunsinifvlsdenldady 3ainlw
dsusenau Cogsgﬁﬁé’ﬂwmmﬂugﬂmmamma
Afgwyuluseiuulufidnenimgalunistnun
vdutauelualuuunnesluielessy

@ b

Valtage (V ve. LVLI")

B M0 400 S0B BOR  DRGO 1108 1604 1680
Capacity (mAhg')

FUil om(a) nmaeveIedde TEM uag (b) AINITAY
Use999a15Usenay Co,Ss illanvasiugy
wsanaunalidyngulusgavuulu [17]

Winvlarsuszneulavead dale
annsahlundaduta i lusunmelese
looau tiedlUaie@nisd a1suszneu
Taveasddalisaisfiaziilassadnslusedu
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Tulasiwns/uluns osenlassadesenan
ﬁﬂ'wmiLﬁ‘uﬂi:ﬁ;L%ﬂﬁmmqaLLasﬁmiLLaﬂLUﬁ'au
3udnmseudin Fadunaunniasiadeiiduue
Tussaululaswnsuazuluwasnuandu fau
X. Liu uwagamg [18] Felavinnisdansiei
a15UsEneu Cos, fitlvunluseaululasuns/
wlumnslagleds hydrothermal/solvothermal
(g“dﬁ 14(a) Mnsamsnaaesillsnuhansusznou
CoS, Avunaluseaulalasiuns/unTun st
dlamsiiuuszageiis 690 mA h ¢ fiau
mnuunseualviin 1A ¢ wiaeannlgau 100 seu
fif9mus1adng 0.1-3.0 V wazdainisiiiu
U5¢9g989 240 mA h g nisanlda1u 800 seu

'
a1 '

M3pueAng 1.0-3.0 V (FUA 14(b) ¢
FFeFuillawansliiiuiianisusenau CoS,
= % @ a V] =
Tanuaunsalunsinnulaiedlas Jseunse
1ansusenau CoS, sananunidiludinelun
Tunusmedlanouloaauls

g

Voltage(V vs, Na*/Na)

1 e MO 408 SO s Toe B0
Specific capacity (mA-hg=")

37U oala) nmaeveIedIe SEM Uaz (b) AINISNY
Usyguavaisusznau CoS, iidlvuinluseny
lulps/unluums [18]

pgslsimy arsuseneaulaveaddalna
(Cos,) axfiorgmisliauitéy Fsdanmgunan
mMadsunlasdeldunsfiinannisunnaes
\ilo¥an (pulverization) sdswalsiuuninadfivh
wana1suseneulaveandalnainuaunse
Tunsda/meuszqiin Lﬁaamﬂﬂﬁﬁ%mﬁlﬁwﬁu

fidlrhazdaldlin dodiq 4 Sdlaienise
wareviulevinnisuulgenaandnisiniiu
Na lagnisdensigvidaquiluneulndnues
CoS/mivau lngdanuiluneulndnfinaiay
ilvisunAves CoS, flgflouwndnas Fedema
Tfsveznenisunsvedioosuduadlue Bild
nhiutagansueuluuluaesindnastaelsing
uanAsudidnasewialddty uenanidai
wihitesiulalifAnnsdsunandeiung
duideanainanunaionvesiagdniie uaz
Lﬁmmﬂi’ﬁ@m%‘uauﬁﬁgwqu‘imzﬁuuﬂuﬁﬁuﬁ
gaalanaaluuandnediu Jainlitanmsueu
mnanmgniliiluimeseynavedavead
Falwsitvunalusesuululutaguilunosings
weflazthavindudauelualunumneiaitey
lovou deduiadudsiivimeegnaunnlunis
fautaneluafivhunaintanuilunoulnde
499 CoS,/Fanasuouiigngulusyfuunlud
gnidesesglulnsiou ieliaszansnmues
wunmeledeslooouliigeiu (sUil 15)

N-doped mesoporous carbon

TEM imagé

CoS, nanoparticles

U e&danuilupoulndnves CoS./iann1sueuii

gnguluszavnluiignidengsiglulasiay

1.7 Jannaulndnvaslavaaddalnduudsng
A3UBU (cobalt sulfide/carbon composite)

dlega q 1 dn3sedaulngldviinis
é’qLﬂi’wﬁmiﬂimaﬂaw%ﬂw@Tﬁﬁgmﬂu

M3asIvnIsvaluladdosiudsema U9 4 aUuyi 10 / nsngimu - 5437 2565 26



sgavulukarianvurnalediadulasaasng
Tnsansusznoulavedalnd Addnugiuine,
AanNaRe T Na* anansaunsiinluludanlad
\Junnsanszezmenisunsues Na* yonand
fudunsiiiuuiunsvesian isanauaTon
¥palAsEs 1 dwaliAnnsunsnig/unsnasn
903 Na* feghwaiios Suhlfasusznaulans
Falndidgnuluszdvnlunesddnvaznads
ralulasairelinnuatiosgs Salunindunns
dunniiagaeulndnvedanedaludiuian
asvauiivilnihdeduisnisivinlduunnes
adouloveuiiUszansamdaaiiluidinay

Feianprsueumhinintusseliianaeulngs

2

= =

finnuBangudenadis wazyrodosiunig
WasuwUasUiinsvestandnsae Sedanali
dalwihdiengnsldauiienutu dafu R wu
wazmne [19] lavihnisduasiziianmaulnds
vaslaveaddaliduuianaisuouidsnguly
srAvunlukasiauluASUBURIUUASEINS
ganaduaznisiudalid (sulfidation) w4
wifisilaueadiignidelulaseieves zeolitic
imidazolate (ZIF-67) (U7 16(a) uagguii 16(0))
dethYageevindndenarlusidudauelun
TununmeddiSenlossu udnhumaaouay
annsalunsiivuszy nuirfageeslndnd
duaswiilasiauanunsalunisdn/meuseqgs
19 1668 mA h ¢! dsnldeu 100 U waz
fiAnsiiuysyageiinumuuunszualin
714 9 Bnene (1038, 979, 858 wag 752 mAh g™
farumunutunsyualnii 1,2, 5 ua 10 Ag )
(3Uf 16(c) msiTanneslndsvadlausaddalis
vuSanmiueuiifignsulussiuunlusasyiounly

msusuiiFnsifiuUszge et uay
Anaanynsalumsda/meuszaiinn Wesnan
TofvasarsUsenaulaveaddaliauazTan
msueudifignguluseduuilu/vounlunsuou
ferelul (1) wdnlaveaddaliddidvuialy

SEAVUNNUILVIVANTEEENIINITUNTVBS Na®

Feagy iU Asennsunsnid/unsnesnes

v '
= 1

Na" 1finlaRvu Fageiiuanuainsalun1sss/
meUszquesianaoulndn (2) dugiuinend
Jugeainsuaznaanigluian 'i’mﬁy’qmquu
MIIVTNUTBUUBNYDITARIYIuUaeiung
WaruwasSinesiiinannszuaunsusnidn
/unsneanued Na* Fwilvansavanedianinslad
wnsrhullulasstheresanldidatu (3) Yaq
msuouiitsnpilussiuulunasioulumsueu
sgvhumidudamgs ieanmnueIenves
lasea$ne annsnudiiuredsunia wavan
ANUAUVNIURTIVTINTBUHBYDIDUYNIABNA I
e lilassasivesiagaeulndndensgy
wieuduidorhluldeu uas (@) viewlumiueu
‘1’71'6g'uuﬁuﬁmani’amauiwﬁmzﬁﬂﬁ Na*
anunsounsrnulavnfiams wazdeifiuiiui
Sufasewieilifuazansazaredidninslad
Tshnniudnie Tedmaliifzennmsuanideu
BidnmseuAnlafity dwalianuanansoduad
Inlihmostaneonindnitu fedu Yanneulndn
vaslaveaddaliduuianasuouiisnguly
sefuulunazvisulumfueuiigniauely
miAdetuisanmsaianldlugunsaifnifu
wasAdamansalumsinAu/mendsny
a9 uenanidannsailuliduiaiseufiten
Tugmamnssusnudanndendnde
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Currant density(A g")

UM ob(a) uae (b) maneeesae HRTEM uay ()
NIMUFAINITUTIUTTIUAINITIAVYTE Y09
Tanuilumeslnanvesianneulnanveslnveas
Salidunsanmsveiidyngulussavuluas
viounlursueu [19]

Q. Wang uagane [20] laldianansuou

=b

fignsulusyavunludulassadrondn ielw

D

7713uA CoS, lunsveneuiunsuaziieUesiu
nsuanvesiledan ndAgyluniniuianmsueu
ngnsulusgavunludiaunsagadunar Ju
) a o o ¢ A o
polysulfide 7luasdisdud ietaadnene
nsldnuvesiandneie Ay Q. Wang uae
Ay Jhnsduaseiianneulndnvesian
s Ao ) r.:t' A v
mnueuniignulussiunluigniesmelulasiaw
CoS, gy ZIF-67 Nusynaume Co® way
methylimidazole ligand i51% N \Uuesfszneu
Duansdsiulunsdunsiesi (Ul 17() waz
JUN 17(b) Mnuamvaaesitlawu i ianneslnds
Y] s aa o ::4' &
vaa¥anm1svouniignsuluseduuluiignide
mglulasiaw/Cos, TAnisifiuuszqgads 560
mA h g innumuuunseualuin 100 mA g™
789910 1F9U 50 T0U WIBUITLATIALNUILLY

nszualniingsds 2,500 mA ¢ Tanmoulnds
fananadadiAinisivlseafl 410 mA h g

(5UN 17(c) Msianmenlndnvesianmisuau

Ca

fdsnsulusgduunlugnideiglulasiau/Cos,

2 =Sb

fiarwansalunisiiudsyquaziianuaios
Aot Ul lunumned Liewnaineynia
Cos, fiflmundnuastutanafvoudiisngu
Tuszavunlugnideselulasouiiung lumuise
FuilldgasluiFosnsiauiuunneiaiseu
leeau TngliTagmenlndnvesiagansuoui
swyulusziuunlufignidedelulnsiau/cos,
wviudalui

—-—1at cyche

= 50nh cycle

Potential v.5. Li'Li (V)
}
e
3

0 20 400 e M0 1000 1200
Spacific Capacity mAh g}

FUT oo (a) naneve e ae TEM (b) HRTEM ua (c) A1
maiulssgvesianmeulndnvesiagnisuey
Aflgnyulussduuiluiignifesaelulnsiau/
Cos, [20]

a

ylinvasiana1svoundniulusedu
wiluiildindutanelun ansifivuseq Aeng
Adndade Fennussdnddmiviunned

luAeuleosuliaguimisned 1

M3mrsIvmsialuladiesiuseme U7 4 aUuil 10 / nsngIau - sUIAY 2565 28



a Y] '3 Aa o A vo & o 0 ) = a
M15°99 1 Tanensusuniignsulussavunlunliindutiwelupdmiuiunnesianeulosau

el Amsiiudszy  Arudedndiaie Yasannusnedng  enansenede
(mAhgh ) V)

Tanensuounignudonsiafiu 100 0.80 0.0-1.6 13
Tanunlumeulndnvesian 400 1.25 0.0-2.5 14
Asveuifiiassasiadugnyu

MeuRAtuLAznIMUNI

ANYTARUUIUAIY

Tanensvoundgngulussdu 1200 1.25 0.0-3.0 15
wiluignidemesglulasiau

Jagasveuniflasiasadu 816 1.25 0.0-3.0 16
JUNTINaNNgNIoMYsg

Tulasiau

a3UsENaU CoySs Nilanuay 1414 15 0.0-3.0 17

& Ao

WWugUnIInaNnanvnigngu

Tusgauwily

ansusenau CoS, Nilvun 690 1.25 0.0-3.0 18
Tusgiululasuns/uluwns

Tanpoulndsvoslauoasdala 1668 1.75 0.0-3.0 19
vudanasueuniignguly

szauwilunagviounlupisueu

Tanpaulndnvesianaiveu 560 1.75 0.0-3.0 20
Sa 9 P A

niignsuluszduuilungnide

mlulnsian/Cos,
2. unagy

wummedlaiioulenauldsuniuauls
WisTuethesinEaludinnsausd a.e 2010
wazSamuialmilivinduduelunildgnéuny
Wusgrsunlulan Tnsranisfnwfiniuun
WlEInISeranevinuaILNs e NLUULUALAGS
fiuseavsamity Faunnedlieylesey
fofuuummeiianunsovsalmildfiannsagn
snsedulveglugnavnsauildlusunensulngil

fautHesiiguassaiienniiazudlofion dafy
s atuiunuamesaisoulessudiiininy
Sraffouarfidinisinifundsnuiias (Guy
graphite/LiCoO ) Tl dudesie Tnsany
pthadeAnsinAunSInuBaUSung deuali
uinnssuvesianianudndueteds egals
Aoy weluladifervestunumneslafoy
losaufiivanagnaunluldvesnisuantass

Defence Technology Academic Journal, Volume 4 Issue 10 / July - December 2022 29



WiusazsIA1 liuunmesluiouleoeu
fignenwlunsiuldlussuuiunmesdmiu
grun1vuglausauazsEuunSINAUNEIU
Balain Fedeenisuunmeifidnisuantaeoy
w¥suegeTInEmasTIAgnIudIAy Fau
Inenaneviddlanudeiuunmeslaioy
lesouvznaroiduszuunumnedfiaiuise
gsalmdldnifanuddnludinsestiuvons
WieuwhnfuszuuaBeniimnsiniundsnugs
3. AaAnIINUTENIA
uwuuifeatuidniaqaaslddasd
31nN15lAsuNUEAnYUNITITEIIN LAY
1Asen539y Usednteuusennal 2564 @a1du
walulagdesiudseina nsznsinanlng uag
vavounszanaudaududaiuuinnssum
Al A1AIPLAN ABEINIMIERT URINYIRY
inwaseans lunslinnueyaseiiagunaal
and wazalunisvien Welvinuedide
anansanfiuanulaeg1enassa

4. NEN81984

[1] J.-M. Tarascon, “Is lithium the new gold?,”
Nat. Chem., vol. 2, no. 6, pp. 510 - 510,
2010.

[2] S.-W. Kim, D.-H. Seo, X. Ma, G. Ceder,
and K. Kang, “Electrode Materials for
Rechargeable Sodium-lon Batteries:
Potential Alternatives to Current
Lithium-lon Batteries,” Adv. Energy Mater,
vol. 2, no. 7, pp. 710 - 721, 2012.

[3] T. Oshima, M. Kajita, and A. Okuno,
“Development of Sodium-Sulfur
Batteries,” Int. J. Appl. Ceram. Technol,,
vol. 1, no. 3, pp. 269-276, 2004.

[4] Sodium-lon Batteries Market To 2024
Key Application Categories (Consumer
Electronics, Automotive, Power, Industrial),
Regional Segmentation, Competitive
Dynamics, M&A Insights, Pricing Analysis
(OPP, IPP, RAP) and Segment Forecast,
Ameri Res.

[5] Y. Fang, L. Xiao, J. Qian, Y. Cao, X. Aj,
Y. Huang, and H. Yang, “3D Graphene
Decorated NaTi,(PO,); Microspheres as a
Superior High-Rate and Ultracycle-Stable
Anode Material for Sodium lon Batteries,”
Adv. Energy Mate., vol. 6, no. 19, 2016,
doi: 10.1002/aenm.201502197.

[6] M. Farag, “Lithium-lon Batteries: Modelling
and State of Charge Estimation,” M.S.
thesis, Dept. Mech. Eng., McMaster Univ.,
Ontario, Canada, 2013.

[7] M. S. Whittingham, “Chemistry of
Intercalation Compounds: Metal Guests
in Chalcogenide Hosts,” Prog. Solid State
Chem., vol. 12, no. 1, pp. 41 - 99, 1978.

[8] C. Delmas, J.-J. Braconnier, C. Fouassier,
and P. Hagenmuller, “Electrochemical
Intercalation of Sodium in NaxCoO2
Bronzes,” Solid State lon., vol. 3-4,
pp. 165 - 169, 1981.

M3asIvnIsvaluladdosiudsema U9 4 aUuyi 10 / nsngimu - 5437 2565 30



[11]

[9] K. M. Abraham, “Intercalation Positive

Electrodes for Rechargeable Sodium
Cells.” Solid State lon., vol. 7, no. 3,
pp. 199 - 212, 1982.

[10] R. Fong, U. von Sacken, and J. R. Dahn,

“Studies of Lithium Intercalation
into Carbons Using Nonaqueous
Electrochemical Cells,” J. Electrochem.
Soc., vol. 137, no. 7, pp. 2009 - 2013,
1990.

H. Kim et al., “Sodium Intercalation
Chemistry in Graphite,” Energy Enviro.
Sci., vol. 8, no. 10, pp. 2963 - 2969, 2015.

[12] V. Palomares, P. Serras, I. Villaluenga,

K. B. Hueso, J. Carretero-Gonzalez,
and T. Rojo, “Na-ion Batteries, Recent
Advances and Present Challenges
to Become Low Cost Energy Storage
Systems,” Energy Environ. Sci., vol. 5,
no. 3, pp. 5884 - 5901, 2012.

[13] S. Wenzel, T. Hara, J. Janek, and

P. Adelhelm, “Room-temperature
Sodium-ion Batteries: Improving the Rate
Capability of Carbon Anode Materials by
Templating Strategies,” Energy Environ.
Sci., vol. 4, no. 9, pp. 3342 - 3345, 2011.

[14] Y. Yan, Y.-X. Yin, Y.-G. Guo, and L.-J.

Wan, “A Sandwich-Like Hierarchically
Porous Carbon/Graphene Composite
as a High-Performance Anode Material
for Sodium-lon Batteries,” Adv. Energy
Mater., vol. 4, no. 8, p. 1301584, 2014.

[15]

(16]

(17]

Y. Mao et al., “Lithium storage in
Nitrogen-rich Mesoporous Carbon
Materials,” Energy Environ. Sci., vol. 5,
no. 7, pp. 7950 - 7955, 2012.

T. Chen et al., “Porous Nitrogen-doped
Carbon Microspheres as Anode
Materials for Lithium lon Batteries,”
Dalton Trans., vol. 43, no. 40, pp. 14931
- 14935, 2014.

Y. Zhou et al., “Hollow Nanospheres of
Mesoporous Co,Sg as a High-capacity
and Long-life Anode for Advanced
Lithium lon Batteries,” Nano Energy,
vol. 12, pp. 528 - 537, 2015.

X. Liu, K. Zhang, K. Lei, F. Li, Z. Tao,
J. Chen, “Facile Synthesis and
Electrochemical Sodium Storage of
CoS, Micro/Nano-structures,” Nano Res.,
vol. 9, no. 1, pp. 198 - 206, 2016.

R. Wu et al., “In-Situ Formation of
Hollow Hybrids Composed of Cobalt
Sulfides Embedded within Porous
Carbon Polyhedra/Carbon Nanotubes
for High-Performance Lithium-lon
Batteries,” Adv. Mater., vol. 27, no. 19,
pp. 3038 - 3044, 2015.

Q. Wang et al., “Facile Synthesis of
Ultrasmall CoS, Nanoparticles within
Thin N-Doped Porous Carbon Shell
for High Performance Lithium-lon
Batteries,” Small, vol. 11, no. 21,
pp. 2511 - 2517, 2015.

Defence Technology Academic Journal, Volume 4 Issue 10 / July - December 2022 31



UNAIAATIES

anamnssulasiulszmavasinglunisnevauasauiunsvasuyed

nun yuuA -
Fuil3u 6 nsngau 2565 Yuiludly 6 fugrou 2565 Funeuu 16 fugieu 2565

UNANED

unanuiiiiiaguizasdiiio (1) Anwinguieuifunseayudluviuniiiiilostu
Ussmalnglutligtu (2) Wedsauunvessznnsinglutiagiuidmasionmunfisnunasiuag
vosuywd (3) ilefnwiunuimesgramnssudesiulssmalunsainsmnuiunsesnsd waan
nsfinImudn (1) msunsszuinvedlsafndelifalalsun 2019 wazwansznuatnaniunisol
anudaudisenineiadouazginsudufonnamiiasvieulifiuunumaesdglunisiving3nw
ninensuyed Jadudadvddyignvesanuiunsguuuulue (2) lushuuiunvesszansing
fdwmaronmiiung Uszvnsiovihaundnly 15 il 3 ety Wungulszansndniil
anuduiLaglanudidyfuanusiuasdunsisedismuuuanuAnaiusiuasesywdunn
Setuideanandymmsunsssuavestsaindelialalsw 2019 msldsunansemuannaniunisel
ardaudaiiiniululan uasmadngdeandgels (3) anamnssudestulssmavedingauso
povausmuiunwwesnusly 3 Ussifiuvdn liun nsadalemadmivussomilunsuszneuendn
nsnszduasysitlussiuesiuuassedulssmea nufanmsaiennuiunsuuudadslundour
AusiuAsesLyed MIdudugamnssulosiusemadadoduisnslumstaunaiunisaudn
spsnesimiazyszvsulunsfiozissgaganelumsnunlideesulneuasnauszlovivesui
luwfeufumsasannuasnss safseasiuadifuussmilumssndudinusesriu launs
Mssinluannzndeniiasuutadluegnsnnd Inedideuldiausuusuumadaleuedmiu
Hlunsiarduaduiannenaminssulosiussmaionuniunsosmyudidsdu

AdAey : Anuduasvesuyed, anavnssudesiulseme, nsunsseuinvedlsnfnidolialalsun
2019, Anudnudeseninsiageuareinsy

! fhednsngsinaluladtasiulsene, aanduwmalulagdesiudsemna
" gusls, Bia: kanok.b@dti.or.th

M3asIvnIsvaluladdosiudsema U9 4 aUuyi 10 / nsngimu - 5437 2565 32



Thai Defence Industry in Response to Human Security

Kanok Bunnag "
Received 6 July 2022, Revised 6 September 2022, Accepted 16 September 2022

Abstract

This article is intended for 3 primary purposes: (1) to examine human security
concept with regard to Thai contemporary issues; (2) to research demographic factors
affecting Thai people’s attitude toward human security; and (3) to identify roles of
Thai defence industry in maintaining human security. The study found that Coronavirus
Disease (COVID-19) and effects of Russia-Ukraine conflict have been non-traditional threats
which can reflect the Thai government’s ability to preserve its valuable human resource.
Additionally, the 3 Thai working generations 15 years ahead of time are concerning more
about human security as COVID-19 continues to spread, whereas the society is affected
by global conflicts, and as the Thai society transforms into a complete aged society.
However, Thai Defence Industry can positively contribute to the preservation of human
security in Thailand in 3 crucial ways. Firstly, it can create more employment opportunities
for a workforce. Secondly, it helps to stimulate both local and national economies.
And thirdly, it offers a conciliatory mean for the Thai armed forces and Thai people in
recard to contemporary conflicts of interest. So, the Thai armed forces can continue to
enhance its capabilities and strengths in defending the state’s sovereignty, while ensuring
the safety and security of Thais in accordance with the human security concept. Strategic
recommendations for promoting Thai Defence Industry in response to the human security

concept have also been provided within this article.

Keywords : Human security, Defence industry, COVID-19, Russia-Ukraine conflict
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Abstract

This study is to present a guideline of the remote-sensing application with the change
detection techniques for monitoring the change at military sites in case study of Russia-Ukraine
war in 2022. In this study, air bases along the Ukrainian border were analyzed for case studies
as 1) Saki Air Base in Crimea, 2) Primorsko-Akhtarsk Air Base in Russia and 3) Machulishchy
Air Base in Perarus. The results of this study demonstrate the application of satellite images
(Sentinel-1 SAR) with the Omnibus test to be able to analyze and monitor the change in military
sites by using the Google Earth Engine platform which can be an efficient tool for monitoring

the border of Thailand and supporting other military operations.
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A synthesis of iron oxide-graphene nanocomposite

and its application as a catalyst for solid rocket propellant
Sira Srinives ' Apisit Karawek ' and Phimraphas Ngamsantivongsa *
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Abstract

The solid-propellant rocket or solid rocket is a weapon with a propulsion
mechanism that relies on solid fuels. The role of the burning rate catalyst is to facilitate
oxidizer decomposition and promote the thrust force for the rocket. This research work
focuses on developing an iron oxide/graphene composite. The iron oxide nanoparticles
were synthesized and immobilized on a graphene oxide sheet, providing active surfaces
for the burning rate reaction. Three types of iron oxide precursors, including iron(ll)sulfate
(FeSQ,), iron(Initrate (Fe(NO,),), and iron(lll)chloride (FeCl,), were used. We utilized three
techniques, including chemical reduction using aqueous (Process 1) or ethanol in an aqueous
solution (Process II) medium, followed by calcination and hydrothermal process (Process |lI).
The composites were tested for their ability to catalyze a decomposition of ammonium
perchlorate (NH,ClO,), an oxidizer, using thermogravimetric analysis (TGA). In this study,
the best results were obtained from iron oxide/g¢raphene composites using FeCl,
as a precursor and synthesized via hydrothermal process. This was confirmed by a scanning
electron microscope (SEM), which revealed 30-50 nm iron oxide nanoparticles decorated
on graphene sheets. A great characteristic of the composite catalyst was the one-shoulder

decomposition of ammonium perchlorate observed during the TGA experiment.

Keywords : Graphene, Solid propellant, Rocket propellant, Burning rate catalyst
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The Study of the Lanchester model of air combat

with the effect of range-dependent weapons’ kill probability
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Abstract

In modern warfare, it becomes more sophisticated for a commander to predict
their battles and mission solely by their own knowledge and experience. Therefore, a tool
or prediction model becomes inevitable for every force. This investigation aims to study
and develop a mathematical model of aerial warfare behaviour. The study begins with the
Lanchester model, and then the model is modified and extended to capture the generic
behaviour of modern aerial warfare. The governing equations are the changes in the relative
strengths of two forces. An air-to-air attack, sensor and situation awareness system,
aircraft defence system, aircraft survivability, and aircraft deterioration are all included in
the model. The effects of range-dependent weapons and their kill probabilities are also
being investigated and studied. Then the case study is analysed and discussed. As a result,
this study will provide an insightful understanding of modern aerial warfare, which will benefit
the Royal Thai Air Force. Consequently, the model can be used for future air warfare studies

and air mission planning.

Keywords : Lanchester, Range-dependent weapons, Kill probability, Modern warfare,

Aerial warfare
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Landslide Susceptibility

Assessment in Khao Yai National Park.
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Abstract

This study aims to create landslide susceptibility map using the integration of
Remote Sensing (RS) data, Geographical Information Systems (GIS), and Analytical Hierarchy
Process (AHP) at Khao Yai National Park. The results were found that the most factor influencing
to landslide activities was slope, followed by precipitation, distance from road, elevation,
distance from drainage, lithology, aspect, curvature and Topographic Wetness Index (TWI)
respectively. With the consideration of these influenced factors, the susceptibility landslide
area was classed into 5 classes as very high (0.31 km?), high (15.23 km?), moderate (218.36 km?),
low (1,681.07 km?) and lowest (269.89 km?) respectively with the overall accuracy of 85.37%
and Kappa coefficient of 0.71. This accuracy assessment revealed the level of landslide
susceptibility map accuracy is useful for planning and decision-making in order to monitor

and cope with landslide occurrence in the future at Khao Yai National Park.

Keywords : Analytical hierarchical process (AHP), Geographic Information System (GIS),

Satellite image, Remote sensing, Landslide
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122 mm DTI Rocket by Using Computational Fluid Dynamics
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Abstract

The purpose of this paper is to analyze the static and dynamic coefficients of
the 122 mm DTI-2 rocket with MRV-U warhead by using Computational Fluid Dynamics (CFD).
Optimization method is also employed to design the warhead of DTI-2 rocket for enhancing
the range performance in supersonic regimes (Mach 1.5 - 4). The analysis results show that
the static and dynamic coefficients are agreed well with the available wind tunnel data.
They are within 10% and 15% for static and dynamic coefficients, respectively throughout
the whole range of operating Mach number. For the optimization processes coupled
with CFD simulation, the optimization result shows that the new warhead design provides
lower drag results when compared with the benchmark MRV-U warhead, while remains
statically and dynamically stable. The optimum design total drag is reduced about 6%.
The reduced drag can be clearly representing the possibility of enhancing the range

performance of the optimum design.

Keywords : Aerodynamics, Computational fluid dynamics, Supersonic, Fin-stabilized rocket
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Faaunsdi (1)

Co = 8(¢d/2V) [Cry +¥Cy|
il
Cmg +VCmy= Pitch-damping moment

coefficient, (2U,, /D)(8C,,/d&)

C, = Yawing moment coefficient

= Sine of total angle of attack

V4 = Cosine of total angle of attack
D, d = Body diameter (m)
v, U, = Free stream velocity (m/s)

¢ = Coning rate (rad/s)
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Moment Coefficient @1u1saa1udmlaniy
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G, =2 g;i 2)
Tl
(,‘Ip = Roll-damping moment coefficient,
(2U.,/D)(9C;/0p)
p* = Nondimensional roll rate, pD /U,
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3.4.2 52108U735 Optimization Method
imqﬂﬁxmﬁfuaﬁ%'mimmﬁmmzauﬁa
MsfuMUNednvEvesEuITUTeRT IR
usauifoeiigaluieulunsdudiyuzngen q
vaUszias 0 e luvhdeauddel Active
Set Algorithm: Medium-Scale Optimization
and Sequential Quadratic Programming (SQP)
gnidenhunUseendldlun1s Optimize Heridu
\Whuane (Objective Function) iad 1iie497n
fianudwlunmsdszgndldou fanuss uas
AU UNITALIN TngaNn1SURIenTY
1wy (Objective Function) fig @un1snis
Fuandulszdniusainuiiyuvsng 0 aaen
FaifinangUnuuienimaassuelunney
McCoy’s Semi-Empirical Method [3] §Uluu
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min EdTde + Vf(xk)-d]

d € xp

SubjecttoVg(x,) - d + g(x,) =0

(3)

Tnei H, fio Hessian Matrix, d @8 LInwmas
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The Study and Development of
Artificial Intelligence (Al) Prototype for Forest Fire Detection (FFD)

System using Image Data from Unmanned Aerial Vehicle (UAV)

Phudinan Singkahmfu' and Phonpat Hemwan *
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Abstract

The research project aimed 1) to monitor the specific studied area of its wildfire,
using Unmanned Aerial Vehicle (UAV) 2) to study and to develop the Artificial Intelligence (Al)
system in purpose of detecting wildfire in surveillance location where may occur repeated fire,
using automatic steering ship. Both operations in an actual location and applied theoretical
knowledge used, were tested. Those done by the results from fire forest images data of
actual locations using UAV, were used to build an Artificial Intelligence prototype in detecting
forest fire in the actual location. The method of the research was made with specific 655
images of fire figure included within those 3,881 images of fire figure not included. The data
was divided into 3 groups; the first group was used to train, the second group was used to
validation, and the last group was used to test the model. The data then was divided into
2 parts for testing, which are composed of 840 images of train model, 208 images of speed
and accuracy test on model, and 208 images of performance test on model. The research
was applied 4 measurement tools; Accuracy, Sensitivity, Specificity, and Matthews correlation
coefficient. Those of which were specifically tested through direct validation. Aside, to do the
test, the research employed 6 deep learning algorithms, which included Restnet18, Restnet34,
Alexnet, Vegl1, Densenet121, and Vggl6. Separated images were also used in the research to
teach models, and deep models were taught using Densenet121 on the Kaggle system. Ten
ready-models for effective teaching were shown in the results. As can be observed, both the

quantity of training and the accuracy percentage increased from 44.79 to 68.42, respectively.

Keywords : Unmanned Aerial Vehicle (UAV), Artificial Intelligent (Al) in detecting forest fire
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