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Will redox flow battery technology be a new choice?

Rungsima Yeetsorn'”
Abstract

The new economy referring to the on-going development evolves from new technologies
and innovations. The industries driven by the new economy can be categorized into short-to-long
term and long-term targets. An alternative energy industry emphasized on this article is one of the
long-term target industries. The key element for driving the alternative energy industry is industrial
personnel with knowledge and understanding of related technologies. Therefore, this article is
intended to present scientific information about redox flow batteries, one of the alternative energy
technologies, in order to provide a basic knowledge for considering the use of the redox flow
batteries in Thailand industry such as for power generation, thermal use, and transport development.

Nowadays, wind and solar energy mainly account for Thailand energy production, however;
wind and solar sources rely on uncontrolled recourses. Power generations from wind turbines and
solar cells are intermittent and inconstant, thus they cannot be used to provide steady energy.
The integrated energy is a synergism concept involving separate units act simultaneously and in
coordination. An energy storage device can be adopted and identified as the ultimate solution to
increase the stability of the energy production system. New batteries should acquire high energy
densities, deliver 1000 charge/discharge cycles and be paper-thin. In addition, users also pay attention
to longevity, load characteristics, maintenance requirements, self-discharge and operational
costs. This article presents the principle of electrical energy storage in form of electrochemistry
as a redox flow battery. Four redox flow batteries addressed on this paper are a vanadium redox
flow battery, a hydrogen bromine flow battery, a hydrogen iodine flow battery, and a polysulfide
bromine flow battery. The performance comparisons between redox flow battery and lead-acid
battery, and between redox flow battery and lithium ion battery are stated as well as applications

and future directions of the redox flow battery.

Keywords : Energy storage, Flow battery, Vanadium redox flow battery, Hydrogen-Bromine flow

battery, Hydrogen- iodine flow battery, Polysulfide-Bromine flow battery

! Department of Industrial Chemistry, Faculty of Applied Science, King Mongkut’s University of Technology
North Bangkok

* Corresponding author, E-mail: rungsima.y@sci.kmutnb.ac.th
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VAWV visenasuvdonausatlulseynd
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Tnifitethun g lugaeiildanunsondandseulng
16t Fauanslugudi 1
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dcfac converter

on exchange

membrane

elecirodes
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CHEMICAL ELECTRICAL
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- Superconducting
magnetic coil- SMES

>~ ° a v & o '
3"1/14 2 ﬂ'ﬁﬁﬂLLUﬂ‘U‘L«!ﬂﬂ'ﬁﬂﬂLﬂUWﬁN’]UEULLUUG}Ns]
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8  nsmsIvinismeluladvosiulsune U7 1 avuil 2 wyun1eu-89mnu 2562



Tusuremadsnuanudeu wu msiniiuainudeu
1nLndenasuinal (Sensible heat storage
molten salt) n1sinfvluguresndsnuaillng
W LURESRazLUAMEITERTAeNSINaT Nsiniiu
lusUvaandauiadl Wy nsudadglalasiay
nnszurumsliiied iugunsaifldnszuiums
wenaanedaelii wiefiSen ddnlnslawes
(Electrolyzer) uagmsinifivluguveandsanuluih
12 ﬁ?LﬁUUiz@lﬂ/\lﬁ’@w’m (Supercapacitor %30
double layer capacitor)
wusneIidugunsalAntAvwdasuluding
Iesunnudengegn (3U7 3 [6)) Joyamsafinuand
Tiuilud 2014 fanudesnislunisiuunne’
gianzia-nsaluldauussana 64.5% uaiinis

'
o

ANANIAINANNABINITLUARDITUARNEAI-NTAANAY

Y o o A

WIAD 19.2% LHaI91NLUALABSTNANLIT9I A5
91gMsldau

Sodium-based

i 3.9% Nickel-based
08% .. 66%, | O

Nickel-based _ 1’,_ 0.3% Lead-acid
1.0% )

Sodium-based

Li-on

s 70%

Lead-acid

64.5%

FUM 3 EULUIMNINIANATRILUALADTYTIARN9Y
Tula.a. 2014 wagn1smansallul a.a. 2025 [6]

ilefinsAeUseq (Discharge) uazdmusey
(Charge) FmaneseuIELinnIsIdonanIneq
Fualnauazuelun savimsdenanmainmsseme
Y0en3daia3n Sehuiidudidninsladsndae
mMsidonanimwesiiualng faduudunsia uay
Hruelun Fadunemeonled wifnUfisedaumdu
(Sulfation) [7] waztinlundniandamn (PbSO4 :
Lead (Il) sulfate) Ssudnsananalaianunsarilviile
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NS TOUNIIINUTEILUAREIaRaY

2,000 Cycles .
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U329 2,000 59U [7]
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wunmesvindifienlooursiidnutmainuszuia
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YDINFII1UES (100-200 Wh/kg) Usedndan
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4,000-8,000 58U [8] HBLEnInsAveIUnMEI AL
lesausznauludie Li-Metal oxide ($aualna)
wazAsueu (Fauelun) Feagliinnisasuutas
Tassafradlofinmsdauarangyszy windosnisth
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wasuludsuauinagdetduaiangeuin
AMFUNSTENBTUIATEILUALAES WBNNTTadl
TOINAAIUANUNUNIUABAIINS DU [9] Favinli
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sieilos (Thermal runaway) desmnuunmesiaan
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axawdidninslad sieiigavesdiiiondnady
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nsasuluntsiafevosuunnoivininondlias
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Yawadounsy (Stack cell) Andu 31% voaan
ﬂ']iadﬂquiuﬂ’liamé’qﬁu’wm ﬁ'ﬁLLamﬂugﬂﬁ 5 A6l
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Faendlnad WUl AINITAIYUAINEIIEINT
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150-1,000 $/kWh wag 200-400 $/kwh Tunselves
Energy cost dlewSeuiiiaudie Power cost 9
wuAlHuRe Uy Energy cost AafiALviniy 600-
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50U daununneduinnzia-nsadisiuauseunis
Tdauuszana 3,000 sou vilviAnsaemnulung
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nsl¥auanas Wefsnszuasenunldoluvued
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uasazane ddnivsladezgndeudgwad
Taesinudly L{Jjﬂéaﬂﬁﬂ‘igﬂaU‘ﬁlL%‘EJﬂ’j’]@LﬁﬂIVl‘ifﬂ GR
vnihiduiuiiAeuiAse3eend (Active area)
Houandsulsnou Saduauiu viuihiidunans
szuisilauelunuazualng wedeetunisdnieas
WodendndnarududedeniiuuszeiiFeniy
wunflaeu (Nafion) wiowediwes fiddeniuaiiin
Sulfonated tetrafluoroethylene based fluoro-

copolymer

lon exchange
membrane

Cathode

Electrolyte
reservoir

TUT 6 LRNUNINIABNTLUALMBIYRAIABNG LA

v

(USuu3e91n [15))

meluszuuuummesiininendina’ Ussneu
A28 N139nUsERaEN1TANEUTEY (ﬁﬂgﬂﬁ 6) 4
Juufisen3nend dquvenssuiunisaedseq
arsazaneuelulad (Anolyte) szgnidauludsils
welunlaenudy nduasavarsuelulanas
indouitlumudesmansinauuuuivihaesty
(Bipolar plates) ianlnsladazunsludsdidninga
dwaliiinuisereandindu wazlandndudiae
Sinaseu Bilnmseuiiindulusyunesindeudienn
Mndininsandulusausuihlnihassdaoengass
Iwihneusnanilaueluslugsilaualne Uszqivih
wihfdusamn (Charge-carrying species) @11150
wisufinnuelualuneinaldlaensaiiubonan
Wasulusneu ansazatsualnslas (Catholyte)
gniloudhgdssuusuuenalasti msazanoualnlas
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szruludigeaninisluavesunut i naes
41 uazunslugdidnlnsadidgngurhlmAnujase,
Fiin?u (Reduction reaction) 3NNy Azeniu
senhsanszazaneualnslad [Usnou wazdidnnseu
n13dauszgusnevludleiinujisensanduly
arsazateueolulasd wazUfiseroendiadulu
walnslad

wuaedvdininondlnaiamisndiuunesn
D 3 Uszuan saviinvesaniugvesituiiiedl
lun1siinuisen (Electroactive species) [17] EN
Usgnaulude (1) fuitdeshlunninujizend
anuzluveavantao e ad w1l wiay
wilvzgnifvarauliluaisasanedidninglad (2)
fuiieshlunsifnu§Asendanuniuvesnds
TaoanuTeNTad wauATiazgniiuavauuuwsl
Bidninsntiedhrensinufiiten (3) uunmedvia
Inendlalydanay (Hybrid redox flow battery)
fituitodllunmafaufisemestaosiuoasad
Tanusuansingiu

#1319 1 Uisensnenduasdndlnihunsgiuves
wuaweIyiinsnandlnlaiusiavyiin (18]

Cathode redox Anode redox ocv
reactions reactions (V)

VOZ. +9H o 2 ) _

TV 1.260
VO +HO
Br +2e = 28r H =2H +2¢ | 1.0%
L +2 =2 H @24 +2 | 0540
2NaBr = 2e + 2Na* + (x-1)Na,S, +

1.515

Br, + 2Na 2e = xNa,S.,

A0819n190 038Ul AT Inend was
ussrulnhaziUnagas (Open dircuit voltage: OCV)
Yo uRsNLUaLmeITdnInondlnal lalasiau-

Tusiiulnaduumees lalaswu-leleulnaiuunnes
waznoddalvd-Tusiiunumneiviininondinas
wanslunisned 1
Muisnumaedviainondlnalieidu
wusmmedviisdnendlnlaifigauiinlanliauauls
uniian esanifuuinnssueiesiniiuuazdne
Wé’NWIWﬁﬂﬁﬁUisﬁwﬁqua ield i duunas
Ffunariendselniaiafesslulssnunay
LL‘UULﬂgauﬁiﬁﬁUﬂ’]ﬂqma’l‘MﬂiiuLLa%ﬂ’]ﬂ‘U‘uﬂlﬂ
wummesinidansazanenuisandudidninglas
witauelunuazdiualng arsazateuioud
uliluieusunnesvissnendlndusznou
TUgernieudisl sendaduaen 4 wia laud
VZEIVANT, V2 VA, VO [VAV)] wag VO [V(V)]
Uf381n159AU5e3 (Charge) meUseq (Discharge)
uazUFA319 wansdsannsil 1-3 [19] (anews:
Ufasenludramindunszuiunisaedsey uay
Uffsendeunduiduufisennisdnusezq)
Negative (-): oxidation

2.

Vo= vae E°=-026V (1)
Positive (+): reduction

VO,' +2H +e &= VO* +H,0 E°=100V (2

Overall:
VZ 4 VO, + 2HY 2 VP 4+ V0¥ + H,0
=126V (3)

AFng Ll 1u1a g IuveLTad 1 LA B
wusmmedsininanslnaidiodanses wiefiden
41 Open-circuit voltage (OCV) fiALiAU 1.26 V
il ansavane Budninsladildde 2uRadawmin
(Vanadyl (IV) sulfate: VOSOg) Fafianududuwiiu
2.0 M wazansazangnsasafiasniildianududu
WU 2.5 M mnfiensanal OCV fissiunsiiiu
ﬂizagﬂuaal,mmma%‘ (State of charge: SOC) Wiy
50% WU 1.35 V d@wudl SOC wirfu 100%
OCV AWy 1.6 V anmsinuufunusineivin

M3msIrmamaluladiesiudssma U 1 atuil 2 wgumau-Gamau 2562



Imendlnaideliusravanudisalunisuanuay
Sunhedadudvhiasidewnanaumunuiy
204N&397U (Energy density) §adiasn (10-50
Wh/ke) dlawflsufiunistnfiundanusisuunnes
siinAfioalloau (100-200 Whike) Wiawwadidewmas
(800-1,300 Wh/kg) mmumuﬂwaqwé’muﬁuag
furmududuresasazareuienild dosada
gasnsimuaemudutuesasazaieiie n1sidey
annUeesAUsEneungly MINIILULAENINTY
WY 2.0 M agvildmiiansanagnoudunuies
(V) panlan (V205) Lagiufesuanm V5+ ﬁLﬁmsﬁu
Judeondladfiusaiuly dwalvibouaniudeu
TWsnauuazdidninsainnisidenanin sndade
Aduguassrvesmsiniuieuuunneivisinend
Tnlafunlludamdedie salunisfindaiigads
500 kw/h Fsanldieiigsdaniuginannames
asazarvufsuLazaulsznovd Ay lulad
WY LT ULaEBIANINSa

VO VO,* Ry
Electrolyte
tank

Electrolyte

FUA 7 W mn sy uuesnunfeuunnevile
Imandlviad [20]

lelasiau-Tussiununineiviin3nendlviad (su
71 8) Sodulnatuumnedsnuiinfiunauladniuiu
desnlalasaulusiiusunmeivdninendlnas
flndnnisviiauadefuwad doinaswinge
wanwasuiusmeu (Proton-exchange membrane fuel
cells: PEMFC) uaunna19iu 2 Usenisuan e wwaa
Fomasazshminiduiissunassudanday
(Energy generator) wilalasiau-usihuuumne3uiin
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Inondllafasvhmthiduiundesidandnuuas
wnaeiniundsenu Snusenisuilsie PEMFC flans
Fagudutgmenesuiavhiu dulslasoulusiiy
wuameTInendliaiiiignaveiauaseman
PuduTsUnmeTTinInondlna ivintde 1
azaredidninsladiidsiandindtedanuiien
Snendlilad BnUsenswilsde ndsnuaailunsiin
UiRsweslalasaualusiiuluwuneeduilatidea
TisasnnAnufiteiimuazannsainldegig
TdinTudensunmeiinendinad [21] T
wusewatUsEdvsammshiuvedlalasou-lusiiy
wunmeseninendliia’ uunmesdaitannumn
WHLYDINEINUEWNU 1.4 W-cm” Wagllaansansnsa
Tunsvhauldenuiuannndt 10,000 h dewad
fdfiuiiedhlunisvuiasesiiu 10-25 cm?
wummeedaifinalnlunsiugiselumssausey

L.L.asmﬂﬂixﬁgl.l,amﬁqauﬂﬁﬁ 4-6 [22]
Negative (-): oxidation
H, & 2H'+2 E2=0000V (@)

Positive (+): reduction

Br, + 2 = 2Br E°=1.098V (5)

Overall:

H,+Br, = E°= 1098V (6)

|
| Membrane I
== Charging === Discharging \

3U7 8 wunmlalasiulusiuwunmeiviininend
Inlad [22]
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winnsvauvedlalaseulusiiuunnes
ilpRnendlila’ (3Ufl 9) Ae uddlslasiaugnieu
nstauelunuazlusiiuanaisazaronsalelng
Tusfin (Hydrobromic acid) gnifaunsiaualng
Fndluihiilsannlalasaulusiusunmesaiingnend
TaiiAiiu 1.098 V [22] egalsiniu Tusily
Saduasindifidfvaenisiluldou Jedwane
guamuazAanden Tnslusihugnineglunguves
ansneuzSe (Carcinogen) @158UAS18 LAzaNSHIR
Tuﬂ”liﬁ’laﬂqﬁ (Chemical Information Management
Unit: CIMU) 3911989 e319nTun1sle 9w
Wegnanvnssuduegiawn é’aamqﬁmiﬁf\mmﬁw
arsusznavlalaselanurinduunldunulusiiy
39l Fumuaulalunisyi3deiiiewaulnas
wunme3 wu nstlelefuunlunuilusiudmiu
asalalasiou-lelofuuunneiaiininendinal

Load/Power Source

v,
Solution
rank

H,-Electrode I, Electrode

| Membrane I
—‘ Charging === Discharging

3U7 9 lnezunsuvedlalasiau-leledununineiviia
Fnandluad

yfnsenlunisdadssquasaiaUszues
lalasau-lalafunummassinsnandinaiwandlu
aunnsn 7-9 [22]

Negative (-): oxidation

H, = 2H" + 2e E°=0000V (7)
Positive (+): reduction
L, + 2 = 2I E"= 0536V (8)
Overall:

H, +1, = 2HI E°= 0536V (9)

forvadlalnsau-lolofulunmneivininond
Tnlad uunined Ae Tindsougs Jansengn uas
Tifudfiy samdnueadiidmanemuainsa
Tunnsaganeaes I/15° 41nn37 Br/Brs (U1ANIN
8 moU/L) AndluivesufAzeinendlununine’
szjﬁmfﬁm’mmmxaummmﬂmﬁummﬁmﬂﬁﬁ%m
1slnsladavesihnnglusyuu [23] Wesandadng
Tnanasgiuvedlalasiou-lelefuuuninedvin
Snenglnaiiviniu 0.536 V

Tnieuneddalis lusiiuwusnnedsindnond
a7 (Sodium polysulfide bromine flow battery)
w3a noddalis lusiuwumnedvininondlnal
(Polysulfide bromine flow battery) 1Julviad
wumnedBnadianilsiitnideilantdwinisive
waziaLn nMsvheuesneddalis Tustiuwunnes
wilnsnendlnaiinstoudivesansazaeaindedian
slad laun arsavanglodenluslua (Sodium
bromide) wagasazanglufsuneavalng (Sodium
polysulfide)

Membrane

<‘rﬂw:-i_'*:|mu

o

JU7 7 UiiseSaendluneddala-lusiuwunned

Nagative Positive

Na*

yinsnandlna’l [24]

fiail ansaranslefoulusludgnioudagiu
WAMAIINABUT LTI TavaIeBidnivslas was
Youasazansluiouneddalvddimisinunelun
leseuiiintusgninansinfisesnendiiva
/S
Antuiiduelng anzlunsyiufisen i aun

sl (B

WU (Concentration gradient) danalmiinnig

WoluA A Sy way Bry/Br Wulssaun

lectric field) kazAIUWLANAIIVDIAIIY
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Wasuuaswedlossuluasazarsualnslas wu
dloflusiiu (Br,) Usinaanniuneneldanzns
ﬁwﬂﬁﬁ’%mﬁmmzamzﬁﬂﬁlﬁm Brs %58 Brs u
ansavaneualnslas Br, anunsoundeuditnuriuuiy
Houanasulusreuansuualnaluuelunuazyh
Uffsenfudidnnseuiioguinmudianingn maeiu
Heansazarsuelulad Tnedaesaiuisaduiu
Loveureadalis Tnedunansawiudonandeu
To@ouuan (Cation exchange membrane) Fawouls
Na* anansaunssinule sUil 7 wansnsiinuizen
vuihdidnlnsaniaesduvesmeadalid-Tusiy
wusneiviainendlnad uagnalavesufAsen
Tnendlununmeivisbuandluaunisi 10-12 [25]

At the cathode:

2NaBr = 2e + Br, + 2Na’ E=1087V (10
At the anode:

2Na* + (x-1) Na,S, + 2 =xNa,S,, E=-0.428V,
note: x=2-4  (11)
Overall:

E'= 1515V

(12)

2NaBr + (x-1) Na,S, = Br, + xNa,5,

note: x=2-4

Tneiluudn OCV vasmedadalns - Tusiu
wunmo3vin Fnandlnaifidragluyie 1.54-1.60 V
ﬁﬁﬁ%ﬂ@ﬁjﬁUﬂﬁﬂL%M‘ﬁu%ﬁ)ﬂﬁ’]iﬁ%mﬂﬁLéﬂiﬂ/ﬁiﬁ(ﬁ
WATANIULYBINITONUALANEUTEYUOITEUY
dlosnneadalns Tusiiuwumneivinsrendinas
Tdansgaudnond (Redox couple) Mulossuwes
se1eiaiy 91vdwwalionainnisideUues
\wilneaald (Chemical species) fianusadrariiu
uwudeuaniudsulessunazirluguszaniam

AFYNUYBILUAMNDIANA
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3. msUszgndliauvssuunnsiviinsaendiad

msiuunneivdninendlnasluldaudy
Futus funudnumzresuunneivindaad
Teinanludhnesiu wu ergnslinuitenuu desan
5u8nInsavenunmeIvinidenaninies wie
laasuwamianienimuazniaaiiluaniog
msldemunvihlvliseunissnuarameUsegas anme
wdnAeuUMAeIYIRtINsEN LA NSYaNEAY
Soudin msvanudeuresdidninsalaenisldans
avanwdianinsladidusigiglunisnszaeuas
nsdanisausewiibiliiinauseuazangly
seviamsliau Yszsiiuiiaosielsifinisgy.de
Indrsgminadnunguaunule “38n1558ABNNS
T ol \lesanssuuisznausensugussyans
avangdaninsladuenaniu Fuilvidlantaans
Uszasheduedldiesun mstigednwiuunine’
iiniden 1osainaniiznisdaussqniloudu
nnwad villiAanssauseiumias Overcharging)
[26] AruaniAmhauladmiunsidnudnusensieo
anunsosluAalalazUaonie flogadu 1R
Tununnetvunegmslinuasnsahanliluals
wuanesuiininendlnadezluldfunansenu
InAMLFeINISNEIUTTuRIY [27] Fe9zdana
EJEJ'N?LJLLiWiEJﬂ’]iafﬂEJWQﬂW‘iI%ﬁ’]U‘UEJQLL‘UG]LG]EJ%‘I AL
éfmmswé’w}uﬁr:i’umul,ﬁmf\]’mé’mm’lié’ﬂﬂizﬁ;
gegnilaviniuvselnalAesdnsinisaneysegasan
AuanTAddUsznsgaviedie Uiuruiaves
u:umLma%;iﬁmwﬁ’wmmgwé’ﬁm (Energy capacity)
figoanisly Tnsludeldsuruinvonsad 3
aunsnlalaensUTUILINNTUYUTIENSAYANY
aaninsladunu [28] Mnaaandidifydina
iliuunneiviininendlnlaignimnldfuau
figoanisususziuausuniy wielnan (Load
leveling) [29] Lﬁaqmﬂﬁhawé’dmumqﬂmwz
nauu wunweslnsnendirataunsanauaues
mslrutosnd 1 sec uawdin1sdnuseaiumas (Over



load capacity) lsuaundunnniuumneiily
[30] ffatiu wummeIvindnondina3sliidugunsal
ﬁﬁadﬁwé’ﬂw%Lﬁ@iﬁﬁm'ﬁ%muasj’mﬁ@mmwLLaz
anansaluldnulaess lnenmsauauusadulnii
waznsasuead [31] gunsaldsnanie i
Frsadluidrnazusunsesuluinenlud® (Uninter-
ruptible power supply: UPS) Wdwsudnelnidein
ey viderdslnildwe Wetostunmsanases
usasulvisin (Voltage sag protection) Useihuves
nslduumnedsiainandlnasiduniasgneli
drsestiu fdoyadiunaulafle wnnedvininend
Wadaunsasuduieulaniely 1 min [32] ud
wumnosldlalFrunndunanu swteanunseld
dusunisdrseandanulnihladunaiuiu wsne
@N1N3008NLUUN YL UTIRBaNInsladldmuuing
figosns nmsthuumneiaiininendinalulnud
Faudnusunnnieie Palissuundnunawnu
fanuates wu leiuszuuisiuau (Wind turbine
system) M3BsEUUWAALEI®IRY (Photovoltaic
cell) [33] ilosnnndsnunaunusenaldanunse
nannszualiiluvisianld wu deldday
Liflunn Wiotenansiu uummeiedininendinal
anunsafniunganulniisswinsdissuunganu
awnundels wazdrendsnulnilugaaand
syuundsnunawnuliaansavihauls silalaina
AvnsiuRIweInsIendsnulni uenani
Fefinshuunnesvdinsnendina il uiussun
Freliindiun® Bendn Electrical erid W U3Em
CellCube Energy Storage Systems and Pangea
Enerey asUszmnaAuaun iandessuuauion
wumnedilasaendinaiuun 50 MW/200 MWh
wieldfenugiu Electrical grid luusemeooatnside
[34] wusmedfideusafu Electrical grid auifiu
waau Iihduiulutimaidnnsiinudesuas
Udendanulillutsfifinnusosnisiiingsan
willgmiinutosfie wumneivieasnendlnaiild

Tussuuigaflanumuudunseualniinzsim
A danalvidlenunulunsnanndsanugs Fafinan
Tuudrimnwadvssuunmeiaininendlnaiozld
SudnInslasisaniu el awnsasenuuuliiinisse
wazmeUszqluunumaduunnefimsiuls 3
ilvanunseliuunnoiviieinondlnaiidugunsal
wUasnasutia DC/DC AC/DC AC/AC %38 DC/AC
ﬁdﬁ‘ﬁﬁ’ummanqumiﬁmaxmsﬂizq S9uta
nseuRuAAveswdsswlii [35] tesain
wumnosvininondlulaianunsadnuseldedig
5105 Wnensidsuleseuluasazaredidninslas
Famnziumsilvidnusueueusluussamues
soeusitundouslni Fesnduseddndenu
'imL%qﬁqmﬁauwhﬁ’umsm"lmﬂsuadLﬂ%‘lawuﬁ 12
FosrndmSunuanesvindaeinnunuiniy
waus e ldsosudiisseznnsiuidy (36]
wunme3vininendinaianunsoldnannszualnii
wuusEUUREIld wu Wkannseualniilituand
dedaalnsiiodelusaunzauesuileow il
Igdnenszualniinpiussuu Microgrid [37] wummes
viin3nendlnaifaanunsaliduunasiniundanu
I Tuasnsnvnsy vSeululdiduunasiniiu
T luifuisuuninslnanuesy wieanud
Fniilsianunsodngs drunstaumsnnsnmstiu
wunmedrdininondluaiBuduniiunuimanndy
Fashegnasoluil
UnAgruufiinismmenismmsiiaiesiauia
Titinrdesousimmanuusaiu dmsulrngaau
I lunsugofnisnimsseeglng nsauds
\iedsinsuilwatisiaunsuasidesdin wnuan
aszualimaunuiitovasusgranunneisie
Znendlnlas evaunueiosiudalvihdiea lides
uaiduuselevdsassuuingl uwidneusylayl
danagnslunisufoRnismienismmsdnag e
nanissruvassyUlnagiuinaslatinisiauw
L'IJEdiIEJuLL'IJmﬂ’]SNaGlﬁ’lﬁﬂﬁ/\lﬁﬂﬂéﬂﬁﬁdﬁ@iﬂﬂﬂﬂﬁ
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TEwdsaunauny dmsunismseundsanulnii
drseadsnagns wislruloinnsufoinismans
nsannsaildegnesioiilos ulfudlutianand
Wi dates vennilfainisszuunisinui
wdsnusonuameiviainendlnaiulinienis
s wu Mduunaainiiundsnuvesanniing
s wielfiduaadlunisdaussqlnihlidu
gvlsUnsainien1anmns suiaanasausegndld
Tugnamnssugususadslnl Inedussuuings
agfivanfinelnin drusunmadundsaulndinld
fugusuaildlnin orshuummedudadluldiy
vusudliiegaavinssulusuandneie

4. aunARvRsLUNMDIYTnInand e
wimsihmaluladuunmedviindnondlas
wlduasaludunneg ffidesda esan
guassAIunAtALaLIATYEAY uatnAasedd
Féadilomaniesnisnanafiasiivimdintuy sy
gramnssuuazyseyInsland eensldnseua
TifannTy Tngenizannumna indsnunauny
VIONSINUNY I Fadoen1sn1sTrendaeud
asiuawe lifunuiosmnanimernia ndesldou
waziisdvsam s lendnuaifidfyes
wunwesiininendinaifidfay touwd msiiuside
I uagnasauliiravdaseraniuy nafe win
ﬁmﬂﬁLﬁumwmruaqwé’nmulw%mmmﬁﬂé’ﬂm
diuSunsvesansazanedidninslad mndeanis
dinsdlwihannsavinldlnediuiudiiosluns
AU nzen uenanil aLAUTIAFRY Ve LA
yingnendlnad Ao armzaatsusealddausitag
nanlumheufiaufistalus uazanmsaneuszq
IanTlnglaivihliian i dussdusznouiinnsidey
anm seunsmeuazdaUsyyinldedeTing Tu
an3geL3NT U3EN Enervault and Deeya Energy
Wuegramilaesuidmenvuiiliaiuaule
981911 UNTAW UL Lazas 19U TnNssUA 1Y
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wusmedviiednendlilad nsvunenguesdnsins
Aenfuwummediadaendinailud e 2006 16
f-ngizmsmmmiﬁumqqmawmsuLﬁamsﬂ’wm
wunmerdedludmidsd waviinisainnisalin
srfimsveneiivesmainuusnaesvininendlnas
uilyaal 4.5 Muduwmseyanssm aglud aa.
2028 [38] Wil (flosanuumneiviinsnendlias
anunsoutsdufvnunneivinduluniveseny
mslinu mulaends wasanuideiiedmsunis
THaitegiu szuanssyulnavhlanidmaaey
mslduumnedaiindnendlna’ wu Tasinisiises
Tudsginedu %nﬁwé’ﬁa&ﬁijmifiaa%'mmmm%"
vin3nondliainlugigalulan (200 MW/800
MWh) [38] mﬂﬂixa‘ummé’ﬂL%ﬁﬂﬂsnm'ﬁﬁﬁlxgﬂ
$ransnuuiieth Ul vhussmanazonvaziily
Tluglstuazanigousnidieuiu Jagdulad
TR meisuL U3 s nendlnas
FamdlvdSeuTesuan lngdn1suseiiiugadinig
wiswgnalauszana 6 Wudnumseyansy [38] win
fiansandnunisnatavegUnsaliniundsnu wu
31 wumnesvininendlnaiidesidalubewes
$1A7 Fansensrandsauvesanisy letivundd
wummesiazihunldlunsiniundinuasdodl
srenlunnsRadaenntn 250 $/kW wasUszansam
Tun1sldarudesunnnin 75% waa1uinlgaruly
izﬂzanmﬂﬁamf?}u’nﬁaalﬂqnﬂdﬁ $150 kW/h ag
UsgdnSAMU0958UUAITUINNGY 80% LATABY
fengmsldauenuiundt 10 U [39] :ndeniviug
finanudedun wud wusmesvininendlna’
fifosrinludemesaisuiioawaininuiey
wazTanildidussduszneundn Jedalistangs win
imsimuuasdrludmnduginiu ewesan
wianifavanas TaeTaniliiduesusenovvessad
wuameIuleaendlnad liun Yanidudidningn
Hoidentiiu wasuruilnihaesda Wudu et
AR Wy mMswaunlasiadnwesdidnlnsad



iiuiifanuesiienudedhdensifinjizen
vidomsianBeidentiuiidanudinzianzasgs
AuAuNsIAdouTiHIuvesfviloosufifaanis
197 fanuadiesas wazsiailias duwsuilidh
ansiafiazthanldluwadeynsuiidinisvesuun
wwseslandAfiduaiulviiunamunuiuvoeiids

Tnldinle

5. @3y

walulagnisiniundsay (Energy Storage)
tuiduniliesdusznevdrfylugnaimnssuid
e (S-Curve) veauseinelng saudiagnamngsy
Aundsnuy Tnganiggsiansuaaliin wissuy
r"fﬂLﬁuwé’wuﬁysmm‘iﬁ’mwuwé’dmumdLﬁaﬂ
(Alternative energy system) #3938 UUNAINU
NAWNY (Renewable energy system) dalsifinsih
uldegraunsnane sl (esnndesafianany
Us2n13 Wu fuu 91gn1sldanu wagmstngesnm
walulagnsiniiundasny s?jmf]uﬁﬂful,ﬂaﬁ’uﬁﬁa
wumRes 3350157 fie mstendsudy
\Rusndnguld itevoenuldlusitlianunsande
Tile seuvanunselduddaymanuliaiiaue
Tunswaalnilatinnuadesundsdu nsivla
yasnaramalulagnisiniiungaulaususag
Funnlutaslifdfisugn wazaanisaiinludae
10 F919mt nanadaviivlaedesaday 40%
wunmesvinsnondinasifudnmaluladnisiosd
meﬂuqmmumﬁm’huwé’dd’mmﬁu logand
audhiuie Wuwumnesfitenuanunselunssn
Uszqlihud U luuummedldlnivansadiuasdn
Uszqlesania lutiunamnugdilisiinvesunas
fniiu Tnensihansazatedidalnslas Aldudn
PONLNINULUANDS udihasazanedidalnslasivi
Snusgqluinudadluunudl nssuiunisifanunse
Flglunsalfildfiuvg mdsnudmsudeudiluly
53U Fansyaumsvhausinariludnvasianis

YOILUALADSITIA mmzﬁumiﬁﬂﬂﬂizqﬂmﬂ%’muﬁ
wannuany anunsaiudszansawlunistnfiulas
FrelniildsanEunndedy Tnsewiglddmiunis
wanlWvnngen Felindsaumuiouduumas
waselunsuaslidsilénannuiuds el
lﬁﬂa'n5&%’agamﬁwmmam§ﬁL."f]ummjj?ﬁugm
fidrdydmiuilulseneunisiansundenld
wuameIvlednendlnad dwiunulugaavnsy
alelumineld
winSeuifisusunnedsininendinasiu
LumaeSTdanziinsn niouunnessindifioy
losau wummeivdasnondlnaiauisasiuids
Iniilaenisvengvuinvesdiussydianinsladila
supudeIns lnglddeufiul3una wievunves
wad e Seanunsa iU ouiussuunalng)
fnnuunneIsndewidafingn BnMauunAes
viia3nendlnaifinsmeuszgfieineaniun 3
desalanansanundanulmdussernaneniuiy ds
waiﬁmm&'@nmﬂuﬂﬁﬁwqa%’ﬂmﬁw [40] wsipgnals
AU MNTRITNTIAUMUILLLYDINE 91U WU
wunwessinsnendinasinnuunduvemdsny
MNILUAMeITIaeIrin fegiaty 2o
wunwessinsnendinasinnuuniuvemdsny
Useanal 25 Wh/kg Safienanumunuiy Wl
AN AL UNS 19 TLUDILUALAD I BT -
30 (30-60 Whkg) wazvesuummeiviindiiiey
lo@au (80-200 Wh/kg) [41]
\definsunluguuesiudannden wuin
wumme3vinsnendlnaiinnudBusaziduing
Aodaandouninniuunnedsiadu fegreu
dlonuidsuIanendliaiuunineinuneiynis
Ty nundenazgnimnileda 100 % 1Hesn
3udninsladveaunmedeiin Saendinlailiinnis
\douanw FeenunsavuiingnszuaumssluAale
e el ansnsovildlaenisadmuietesnann
Bidnnslad [41] wlevnluuszendldlunudusioly

18 sasdvinismaluladdesdudszve 09 1 adui] 2 wownipu-89mieu 2562



Tunsdlvosuumnedvianyii-nsa 1Wevunengy
sl suazdenanssnunedawindousuiingn
et dadulavendn Wuie wazthnduuldlng
1ile dunsSladadidninslasvesuunneiaila
Aenlloseutiusioglusyiunsive Tadtliananse
tunltluamalvdle [42]

6. 1ONE3I19B

[1] Renewable energy policy network for the 21t
century. (2017). Renewables 2017 global
status report. Retrieved from http://www.
ren21.net/gsr-2017/

[2] Alotto, P., Guarnieri, M., & Moro, F. (2014).
Redox flow batteries for the storage of
renewable energy: A review. Renewable and

Sustainable Energy Reviews, 29, 325-335.

[3] Pongpanit, J. (2017), Sustainable Energy.
Annual report 2017, 6-151. Retrieved from
www.agecoal.com/en/ir_finance_anual.php

[4] Office of industrial economic. (2017), New
engine of growth. 1, 1-40. Retrieved from
www.oie.go.th/sites/default/files/attachments/
publications/newengineofgrowth.pdf

[5] Aneke, M., & Wang, M. (2016). Energy storage
technologies and real life applications—A state
of the art review. Applied Energy, 179, 350-377.

[6] Desjardins, J. (2016). The Battery Series Part 3:
Explaining the Surging Demand for Lithium-lon
Batteries. Retrieved from https://www.
visualcapitalist.com/explaining-surging-
demand-lithium-ion-batteries/

[7] PVEducation. (2019). Battery voltage and
capacity in non-equilibrium. Retrieved from

https://www.pveducation.org/pvcdrom/
batteries/ battery-voltage-and-capacity-in-

non-equilibrium

[8] Alotto, P., Guarnieri, M., Moro, F., (2014).
Redox flow batteries for the storage of re-
newable energy: A review. Renewable and
Sustainable Energy Reviews, 29, 325-335.

[9] Deng, D. (2015). Li-ion batteries: basics,
progress, and challenges. Energy Science &
Engineering, 3 (5), 385-418.

[10] Aftiust duya, (2019). anunisaiaiienly
manalan. Retrieved from http://164.115.27.97/
digital/items/show/88827type=1

[11] Xu, Q., & Zhao, T. S. (2015). Fundamental
models for flow batteries. Progress in Energy
and Combustion Science, 49, 40-58.

[12] Zhang, H., Li, X., & Zhang, J. (2017). Redox
Flow Batteries: Fundamentals and Applications.
New York, NY: CRC Press.

[13] Moore, M., Counce, R., Watson, J., &
Zawodzinski, T. (2015). A comparison of
the capital costs of a Vanadium redox-flow
battery and a regenerative hydrogen-Vanadium
fuel cell. Journal of Advanced Chemical
Engineering. 5, 1-3.

[14] Irena, (2016), Overview of Technical
Characteristics for Batteries. Energetica
INDIA, 56-58. Retrieved from http://www.
energetica-india.net/download.php?
seccion=articles&archivo=FYIXglD0Og8kY
59sersZouimhbWalRf0ad0GBBEsOoF3mx
WTfw8PTj.pdf

[15] Weber, A. Z., Mench, M. M., Meyers, J. P.,
Ross, P. N., Gostick, J. T., & Liu, Q. (2011).
Redox flow batteries: a review. Journal of
Applied Electrochemistry, 41 (10), 1137.

[16] Pan, F., & Wang, Q. (2015). Redox species of
redox flow batteries: A review. Molecules,
20 (11), 20499-20517.

Defence Technology Academic Journal, Vol. 1, No. 2, May-August, 2019

19



[17] Leung, P., Li, X, De Le6n, C. P, Berlouis, L.,
Low, C. J., & Walsh, F. C. (2012). Progress in
redox flow batteries, remaining challenges
and their applications in energy storage. Rsc
Advances, 2(27), 10125-10156.

[18] Zhang, H., Li, X., & Zhang, J. (2017). Redox
Flow Batteries: Fundamentals and Applications.
New York, NY: CRC Press.

[19] Cunha, A., Martins, J., Rodrigues, N., & Brito,
F.P.(2015). Vanadium redox flow batteries: a
technology review. International Journal of
Energy Research, 39(7), 889-918.

[20] Mojapelo, F., & Kikomarov. M. (2018). Energy
storage & vanadium redox flow batteries
101. Bushveld energy. 1-65. Retrieved
from http://www.bushveldminerals.com/
wp-content/uploads/2018/11/Energy-
storage-101.pdf

[21] Lin, G., Chong, P. Y., Yarlagadda, V., Nguyen,
T. V., Wycisk, R. J., Pintauro, P. N., & Weber, A.
Z.(2016). Advanced hydrogen-bromine flow
batteries with improved efficiency, durability
and cost. Journal of The Electrochemical
Society, 163(1), A5049-A5056.

[22] Oh, K., Kang, T. J., Park, S., Tucker, M. C,,
Weber, A. Z., & Ju, H. (2017). Effect of flow-
field structure on discharging and charging
behavior of hydrogen/bromine redox flow.
Electrochimica Acta, 1-47.

[23] Zhao, Y., Wang, L., & Byon, H. R. (2013).
High-performance rechargeable lithium-
iodinebatteries using triiodide/iodide redox
couples in an aqueous cathode. Nature
communications, 4, 1896.

[24] Zhou, H., Zhang, H., Zhao, P., & Yi, B. (2006). A
comparative study of carbon felt and

activated carbon-based electrodes for sodium

polysulfide/bromine redox flow battery.
Electrochimica Acta, 51(28), 6304-6312.

[25] Chen, H.,Cong, T.N., Yang, W., Tan, C., Li, Y., &
Ding, Y. (2009). Progress in electrical energy
storage system: A critical review. Progress in
natural science, 19(3), 291-312.

[26] European Associaton for Storage of Energy.
(2019). Electrochemical energy Storage.
Retrieved from http://ease-storage.eu/wp-
content/uploads/2016/03/EASE_TD Flow
Battery.pdf

[27] Doetsch, C., & Burfeind, J. (2016). Vanadium
Redox Flow Batteries. In Storing Energy.
227-246.

[28] Chalamala, B. R., Soundappan, T., Fisher,
G. R, Anstey, M. R., Viswanathan, V. V., &
Perry, M. L.(2014). Redox flow batteries: an
engineering perspective. Proceedings of the
IEEE, 102(6), 976-999.

[29] Negishi, A. (1999). Electrolyte of vanadium
redox flow battery for load leveling.
Bulletin of the Electromechanical Laboratory,
63, 27-34.

[30] Emura, K. (2005). Recent progress in vanadi
um redox flow battery. Proceedings of
Electrical Energy Storage Applications and
Technologies (EESAT), Osaka, Japan.

[31] Lotspeich, C., & Van Holde, D. (2002). Flow
batteries: has really large scale battery
storage come of age?. ACEEE’s Summer
Study on Energy Efficiency in Buildings. 3.
211-224.

[32] Shinzato, T., Emura, K., Yamanishi, K.,
Deguchi, H., Miyake, S., Hara, T., Suzuki, K.
(2019). Vanadium Redox-flow Battery for
Voltage Sag. Sumitomo Electric Industries,
Ltd., Osaka, Japan.

20 smsIrmanaluladdesiudssma U9 1 atuil 2 wgunau-Gamau 2562



[33] Holzman, D. C. (2007). The vanadium
advantage: flow batteries put wind energy in
the bank. Environmental health perspectives.
115, 358-316.

[34] Kelly, G. (2019). CellCube and Pangea Energy
Have Signed LOI for 50MW/200MWh in
Australia. Retrieved from https://
globalrenewablenews.com/article/energy/
category/energy storage/143/767894/
cellcube-and-pangea-energy-have-
signed-loi-for-50mw-200mwh-in-australia-.
html

[35] Devic, A, lerides, M., Suarez, E. (2018). Battery
energy storage. Suschem, 13.

[36] Chen, R, Kim, S., & Chang, Z. (2017). Redox
Flow Batteries: Fundamentals and
Applications. In Redox-Principles and
Advanced Applications. IntechOpen.
Retrieved From https://www.intechopen.
com/books/redox-principles-andadvanced
-applications/redox-flow-batteries-funda-
mentals-and-applications

[37] Gildmeister energy solution, (2019). Flow
battery applications for the utility world.
Retrieved from http://vsunenergy.com.au/
wp-content/uploads/2016/11/Utility-Flyer.
pdf

[38] IDTechEx, (2019). Redox Flow Batteries 2018
2028: Markets, Trends, Applications.
Retrieved from https://www.idtechex.com/
de/research-report/redox-flow-batteries
-2018-2028-markets-trends-applications
/605

[39] Leung, P., Li, X., De Ledn, C. P, Berlouis, L.,
Low, C. J., & Walsh, F. C. (2012). Progress in

redox flow batteries, remaining challenges

Defence Technology Academic Journal, Vol. 1, No. 2, May-August, 2019 21

and their applications in energy storage. Rsc
Advances, 2 (27), 10125-10156.

[40] Vikram, S., Soeun, K., Jungtaek, K., and Hye, B.
(2019). Aqueous organic redox flow batter
ies. Nano Research, 1-14.

[41] wina WaAINAY, 35Wa lReTANARNG, Yysen
franaufia, ugsius daanaunia uasnssauling
penlilow. (2012), TassmsaneUszidulazin
ML UIUITINAIIUNAULNUY (Energy stroage)
ANUATOULNUNSIIUNAUNY 15 ‘{‘J Retrieved
from http://e-lib.dede.go.th/mm-data/
Bib14393.pdf

[42] Dassisti, M., Mastrorilli, P., Rizzuti, A., Cozzoli
no, G., Chimienti, M., Olabi, A. G,,

Carbone, A.(2016).Vanadium: atransition metal

and

for sustainable energy storing in redox flow
batteries. In Reference Module in Materials

Science and Materials Engineering, 1-24.



22

UNAINITINT

n1sAn¥IANABINTTUaYaLUaIRURIUFUNMUY MobiledRU
LNBNSLHBEYLUAENS1TUNBUATAENUR

S

4 L
382199 Yysssau’ dan Inusve)’ waz auage)) Aunile’

o o

Fuil3u 12 nsnguau 2562 Suiudly 12 Asvinau 2562 Yurouiu 13 damay 2562

o/ 1
UNAnga

m3sudadeyarians o anuiiavadeRvRLuuTiuieg (real time) Wunddunseuiunisman
dvTumidiunisieussmanssisaismuunun1sInn siedRAn 53U (Disaster Operations Management
: DOM) Fensandunisiieussimianugydsiimvunzauavanmiiuivasiuviasfissiinaulaenn
mnlitayad miurimsdnns AdeiifedlingUssasdioUsuiliunnudesnistoyavasiinme de s
v Ao & o o v Y AY a wa ) X A P < a ¢ )
uazdeyanindudmiudmhiduiiiauussimansisaudeluinui lnensfnwasidumsliaseitade
WaUINLazUaTeTIaU 3NNNNTABULUVABUNINEINSUNISHAIL LD UNELATY MobiledRU LiNanauaues
nsenuteyadentilewu aussleuizidedinmunin Inemsduuuuanzasnnnguiieg1s laun

v 1 a ' o a a ' ° | | va
HEIATUN TNV videimueRoun 31 (une.31) .07 2.1 319w 31 vinu wud lgenvgy
AUNTRTANINNINTBEAE 90 AoinsiinTedilaiiatiuviion utoya dnuaran1ui wazUsyauwme

wandldseanisliasasedinarivenlesdayavosiindaivdiiunsdousiugsaaissesas 30

A oA a

AEARY : ToyawnieiR, LATellowmTayive YaTayive

T o

L dhuauienssussuuiuniou (Propulsion Systems Division — RPS), aandumalulagdesiulszine

2 a'aumuf‘smﬂssmmsﬁams‘ﬁaaﬂamaaﬁﬂmaﬁﬂéuasLﬂ%ﬁhﬂﬂamﬁ'sma% (Data Communication Division - RDC), @a1Uu
walulagdesiulsene

* duddinfnen (Academic Cooperation Division - TAQ), dantumalulagdesiulszine

* {finste, Bld: suriyawate.b@dti.or.th

M3msIrmamaluladiesiudssma U 1 atuil 2 wgumau-Gamau 2562



The study of exigency information requirement for Mobile 4RU

development in disaster relief

Suriyawate Boonthalarath ™ Nikhom Koprach ? and Somsarit Sinnung >

Abstract

A channel for real - time data communications at the incidence of natural disaster is regarded
as one of crucial procedures for Disaster Operations Management or DOM. It is virtually impossible
to perform disaster relief tasks along the lines with a topographic environment and punctuality if
lack of disaster data and management. The research was aimed at the studies for need assessment
of initial data at time of disaster eruption and for the data deemed critical to response unit team.
The used methodology was the analysis factors either positively or negatively influencing the
development of the mobile application for response unit or MobiledRU as a tool to respond to
basic disaster report of the response unit. Qualitative research methodology was randomized from
a group of 31 experts on disaster response missions of the Mobile Development Unit 31 (MDU31)
at Pua district of Nan province. The analysis revealed that more than 90% of the experts were in
need of the data and information of the topographic environment and the victims. However, al-

most 30% of the experts was negative to have the tool that provides access to demographic data.

Keywords : Disaster data, Disaster response tool, Response unit
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Defence Technology Analysis Report: Feasibility Study on Defence
Technology Transfer under Thai-Ukrainian Offset Projects.

Bodin Suntud?®’

Abstract

This report was aimed to analyze Thai- Ukrainian military industrial collaboration in the past and
to conduct feasibility study for upcoming projects in the future. The analysis for this international
project offset used 4 relevant factors; namely, future requirements, technology transfer capability,
competitiveness, and technological familiarity. The analysis for military industrial collaboration and
offset program revealed that the collaboration between them was still at a fundamental level. Most
projects comprised one-way import from Ukrain to Thailand. Therefore, some concrete industrial
collaboration was yet to come into existence. The method of this analysis stemmed from collect-
ing data and facts found in academic works, books, database, news, website, analysis, interviews,
especially major defense industrial procurement from the past, including analyzing opportunity
and challenges in the near future. The report, then, investigated the Ukrainian offset regulation, in
both provider and receiver domains, and attempted to forecast the consequences of this industrial
policy. After that, the feasibility study towards each project based on previous findings was evalu-
ated by 4 relevant factors. It also unveiled, about offset program, that BTR-3E1, BTR-4 and Barrier
anti-tank missiles were the most feasible projects for future international collaboration. However,
it was discernable that both parties faced some obstacles of their own. On the Ukrainian side, the
enduring armed-conflict of Crimean Crisis caused sporadic suffer to its strategic defense logistics,
affecting the stability and consistency of their subcontractors. On the Thai side, the defense industry
lost some opportunity cost in that the previous procurement had not imposed formal offset as a
legal obligation to the Ukrainian seller. Moreover, the overall strength of existing Thai infrastructure,
especially in high-technology sectors such as satellites, UAVs, or other aerospace sophistications
differed a great deal from that of Ukrain-. That made it extremely difficult, especially for the Thais,
to establish a solid industrial military collaboration with Ukrainian counterpart. The mutual col-
laboration was therefore largely limited, except only in the aforementioned automotive industry.
Lastly, this analysis pointed out the significance and benefits from international offset programs in

which the political will of the government must consider offset as a policy tool in the near future.

Keywords : Technology Transfer, Defence Technology, Offset Policy
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Abstract

The paper demonstrates the use of a Kriging surrogate model in combination with evolutionary
algorithms for optimizing an unmanned aerial vehicle (UAV) wing. The design problem was set to
minimize wing mass that is subject to aero-elastic and structural design constraints. Design variables
were to determine thicknesses and positions of wing ribs, spars and skins. Numerical results show
that the Kriging surrogate model can accurately predict aero-elastic characteristics but be somewhat
inefficient for the prediction of stress and displacement. Nevertheless, this study paved the way

for further improvement of the preliminary design process of an aircraft wing.

Keywords : UAV design, wing optimization, aero-elasticity, aircraft wing, evolutionary algorithms

'Sustainable and Infrastructure Research and Development Centre, Department of Mechanical Engineering, Faculty
of Engineering, Khon Kaen University, Khon Kaen City, 40002, Thailand.

* Corresponding author: sujbur@kku.ac.th

M3msIrmamaluladiesiudssma U 1 atuil 2 wgumau-Gamau 2562



1. Introduction

The current aircraft analysis and design are
carried out to meet design standards such as
those provided by Federal Aviation Regulations
(FAR). Before the first flight test of an aircraft,
the actual aeroelastic characteristics should
defined. To validate feasible design, simulation
techniques are employed in a design process to
compute aeroelastic characteristics. Aeroelasticity
is a study on an aircraft subject to fluid/structure
interaction which can also be viewed as the
mutualinteraction of inertial, elastic (or restoration),
and aerodynamic forces. Aeroelastic phenomena
can be divided into static and dynamic
aeroelasticity. Some of important static aeroelastic
phenomena are divergence speed, and lift
effectiveness while dynamics aeroelasticity
is usually referred to flutter speed and gust
response etc. Flutter and divergence speeds
are used to find an aircraft critical speed, which
defines its flight envelope [1-8]. Analysis of a
critical speed and lift effectiveness are required
in aircraft preliminary design.

Simulation of aeroelastic phenomena
usually requires considerable computingtime. Inthis
paper, a surrogate model (SuMo) technique is
employed to predict objective and constrained
functions of an aircraft wing optimization problem.
Many design processes that employ optimization
with the use of surrogate models for predicting
design functions e.g. compressor shape design
[9]., heat exchanger design [10-12], ship structural
design [13] or even aircraft design [14]. The
Kriging model (KRG) is a surrogate model that
is commonly used in engineering optimization

problems. For example, Venturelli, G. and Benini,
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E. presented a Kriging-assisted evolutionary
algorithm for design of a S-shaped 2D cascade
supersonic compressor [9]. Wansaseub, K. et al
compared the KRG with other SuMos such as
Radial Basis Function (RBF), Polynomial Response
Surface (PRS) and Support Vector Regression
(SVR). Those SuMo models were used with
self-adaptive differential evolution with
neighbourhood search (SaNSDE) for design a
U-shaped baffle square-duct heat exchanger
(USBSDHX), which is found that KRG was the
most accurate for predicting heat transfer
characteristics [10]. Augspurger, M. et al presented
the optimum design for latent storage and metal
fin structures for heat spreading of thermal storage
device (TSD) combined with phase change materials
(PCM)[15]. It can be seen that SuMo has been widely
used in various engineering design problems.
In order to solve an optimization problem, the
evolutionary algorithms (EAs) were applied. The
evolutionary algorithm can be separated into
single-objective evolutionary algorithms (SOEASs)
and multi-objective evolutionary algorithms
(MOEAs). In aircraft wing optimization, the EAs
were applied in many studies to find the high
performance of the wing in conceptual design
[16-18] and optimum mass of wing structure
under failure constraints in preliminary design
[19-23].

In this paper, performance of five well-known
SOEAs on solving wing structural optimization
of a standard vertical takeoff and landing
(VTOL) fixed wing unmanned aerial vehicle (UAV)
model is investigated. Optimum wing dimension
with minimum total wing mass under specified

constraints including critical speed, lift



effectiveness, displacement, buckling and stress.
The aim of this work is to develop a simple
design strategy for aeroelastic optimization of
a UAV aircraft wing. Firstly, a Kriging model is
constructed while sampling points are obtained from
optimum Latin hypercube sampling OLHS [24].
Then, single-objective evolutionary algorithms
are applied to solve the optimization problem.
Details of the proposed approach and the wing
optimization problem are provided in section 2
and 3 respectively while results obtained from
the five SOEAs are compared and discussed in
section 4. Conclusions of this study is included

in section 5.

2. Methodology

Surrogate-assisted optimization was
commonly used in a design process of complex
systems where a function evaluation is time
consuming. Kriging or a Gaussian process regression
method is a meta-model that has been employed
to predict objective and constraint functions in
variety of engineering optimization problems
such as compressor design [9], heat exchanger
design [10-12], PCM storage device [15]. The
optimization procedure with a surrogate-assisted
approach can be conducted as illustrated in

Figure 1.
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Figure 1 Conceptual framework for surrogate-assisted optimization

Figure 1 presents the relationship between
an optimization procedure dealing with surrogate
models. The surrogate model is created by
using a sampling set of design variables while
actual function values of such sampling points
are evaluated. The sampling design variables are
generated by using an optimum Latin hypercube

sampling (OLHS) technique. Then, the surrogate

model is constructed and used for objective
function approximation in the optimization
procedure.

This article presents the wing design
procedure of a standard VTOL Fixed Wing UAV
with surrogate-assisted optimization. Kriging
model is used as a surrogate model to predict

aeroelastic characteristics.
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3. Numerical Experiment

Design procedure of the standard VTOL
Fixed Wing UAV model is proposed in this article.
The wing is formed by Acrylonitrile Butadiene
Styrene thermoplastic polymer (ABS). The
material properties of ABS are given in Table 1.
Half wingspan of the wing model is 1.4 m and
wing flight is simulated at sea level atmospheric

condition with true air speed 35 m/s.

Table 1 Mechanical properties of ABS.

E v Syt p(kg/m?)
(GPa.) (MPa)
2.3 0.35 44.0 1040

The wing model composed of two wing
sections, inner and outer ones. It consists of
two spars placed at the 25% and 75% position
of the chord length, 3 uniform distributed ribs
for the inner section, and 12 uniform distributed
ribs for the outer section as shown in Figure 2.
There are 60 design variables including positions
and thicknesses of ribs, spars, and skins. Details
of the design variables are described as follows:

x1-3= spanwise positions of the 3 ribs at
the inner wing section

xa-13= spanwise positions of the 10 ribs
at the outer wing section

x14-16= thicknesses of the 3 ribs at the
inner wing section

x17= thicknesses of the ribs at the Yehudi
break wing section

x18-27= thicknesses of the 10 ribs at the
outer wing section

x28= thicknesses of the ribs at the tip

chord wing section
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x29-30= thicknesses of the two spars

x31-45= thicknesses distribution of the
upper skin

x46-60= thicknesses distribution of the low-
er skin With 15 total ribs-positions, the wing can
be separated into 15 sub-sections. There are 15
chords, the chord number 4 and 15 are set as a
Yehudi break and wing tip position respectively.
Positions of the Yehudi break and wing tip are
assigned in such a way to remain unchanged
during an optimization run. The lower and upper
limits of the thicknesses of all parts are set as

1 mm and 5 mm respectively.

Figure 2 Wing assembly and finite element model

In this study, the single-objective function
is set as total wing mass and constraints are
critical velocity, wing lift effectiveness, maximum
transverse displacement, critical buckling factor,
and maximum Von Mises stress. The proposed

optimization problem is expressed as follows:

minfi(x)=total mass (1)

subjectto 5 100

ige = 0.9
D, <01

max —

A, 21

cr =

$=5,



Were
Vcr is a critical velocity [m/s]
Mife is wing lift effectiveness
D is a maximum transverse displacement
max
on the structure [m]
A

er s critical buckling factor
S is a maximum value of Von Mises stress

on the structure [Pa.]

The Kriging model (KRG) is employed to
construct a surrogate model of the objective
and constrained functions. The optimum Latin
hypercube sampling technique (OLHS) [24] was
used to generate 100 evenly distributed training
points for surrogate model construction. The
hybrid grey wolf-adaptive differential evolution
(GWADE) [25] and maximum likelihood approach
are employed for training a Kriging model.
Five well-known single objective evolutionary
algorithms were selected including, Artificial Bee
Colony (ABC) [26-29], Genetic Algorithms (GA) [30],
and Particle Swarm Optimization (PSO) [31-32].
Those algorithms are the classical evolutionary
algorithms. The optimization parameters (For
example mutation rate, crossover rate etc.) are
default setting by the code developers. Also,
other two adaptive EAs including, Adaptive
differential evolution with optional external
archive (JADE) [33], and Success-History based
Adaptive DE (SHADE) [34] are employed to solve
the proposed wing optimization problem. The
optimization parameter was calculated by using
fitness values for Artificial Bee Colony (ABC). The
cross over rate and mutation probability are set
as 1.0 and 0.1 for Genetic Algorithms (GA). Particle

Swarm Optimization (PSO) parameter include

Starting inertia weight, Ending inertia weight,
cognitive learning factor and social learning factor
were set as 0.5, 0.01, 0.5 and 0.5 respectively.
The Adaptive differential evolution with optional
external archive (JADE) was set mean crossover
rate and mean scaling factor as 0.5 for both values.
Finally, parameter setting for Success-History
based Adaptive DE (SHADE) including crossover
rate and scaling factor range for adaptable
between 0 and 1 for both parameters. The
number of maximum function evaluations and
a population size of all optimization runs in this
test are set as 50,000 and 100 respectively. 30
independent optimization runs of the optimizers
are performed to ensure performance of the
algorithms. Statistically comparative results of

all optimizers are provided in result section.

4. Results and discussion

Comparative performance of evolutionary
algorithms for solving the wing optimization problem
is presented in this section. The sampling
points for the Kriging surrogate model are generated
with OLHS. Table 2 presents the optimum objective
function values based on the Kriging model
found by all optimizers. Adaptive differential
evolution with optional external archive (JADE)
gives the best value in terms of mean, standard
deviation and the best value of the objective
function while Success-history based adaptive DE
(SHADE) shows very competitive results. Table
3 shows prediction performance of the Kriging
model found by JADE. Notice that, from the trend
of prediction, the most accurate predictions
are for Mifr and V.., total mass with percent
error are 0.4555, 1.6746 and 5.8179 percent re-
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spectively, while KRG is not precise for prediction  approach is not recommended for predicting
of Dmax and stress (S) with percent error 64.3564 4., dues to very high error, 510.4291%.
and 17.4085 percent respectively. The proposed

Table 2 Comparative performance of MOEAs

Optimum Objective Function Best Of
Algorithm Mean (Std) Independent
{Rank} Run

Artificial Bee Colony (ABC) 2.8538 (0.028028) {4} 2.7963
Genetic Algorithms (GA) 2.7270(0.017411) {3} 2.6918
Particle Swarm Optimization (PSO) 3.2587 (0.068988) {6} 3.1104
Adaptive differential evolution with 26561 (0.00071945) {1} 2 6555
optional external archive (JADE) ' ' '

Success-History based Adaptive DE 26570 (0.004051) (2} 2 6556
(SHADE) ' ' ‘

Table 3 Comparative of best solution of JADE between Kriging and actual function.

Predictive variable Kriging Actual function | Error [%]
total mass [kg] 2.6555 2.5095 | 5.8179
© V,misl | 1000001 | 983531 | 16746
Mgt | 1.0272 W 1.0319 | 0.4555
) 0.0166 0.0101 | 64.3564
Aer | 75.9209 12.4373 | 510.4291
S[Pa.] 7 3,463.5033 | 4,193.5325 | 17.4085
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Table 4 Design solution of wing using JADE

RIB POSITION | THICKNESS | THICKNESS | THICKNESS | THICKNESS | THICKNESS
NUMBER OF RIB [MM.] SPAR SPAR UPPER LOWER
[% SPAN- NO.1 NO.2 SKIN SKIN
DIREC- [MM.] [MM.] [MM.] [MM.]
TION]
1 8 1 1 4.9 2.7 2.7
2 18 1.1 1 4.9 2.1 1.9
3 19 1 1 4.9 15 1.8
4 28.571 1 1 4.9 1.2 2.9
5 32 1 1 4.9 3 1
6 39 1 1 4.9 25 1
7 51 1 1 4.9 1.7 25
8 58 1 1 4.9 4.4 4.3
9 62 1 1 4.9 2.1 34
10 70 1 1 4.9 2.6 2.2
11 T 1 1 4.9 24 1.9
12 83 1 1 4.9 1 1
13 89 1 1 4.9 1 1.7
14 94.5 1 1 4.9 1 1
15 100 1 1 4.9 1 1

From the above solutions in Table 4, the found that most actual variables of constraints

geometry of wing is displayed in Figure 3 with were acceptable (Equation 1), except critical
actualtotalmass of 2.5095 kg. The actual aeroelastic

characteristic V., and Mifi are 98.3531 m/s

speed. The predicted critical speed is very close
to actual value, but the actual critical speed is
and 1.0319 respectively and actual value of slightly lower than the allowable value.

failure analysis was presented in Table 3. It is
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Figure 3 Optimum solution geometry of wing by using JADE

-3
x 10

Figure 4 Wing deflection contour

The deflection of the optimum design was
present in Figure 4. The maximum deflection in
Z-direction is 0.0101 m. occurred at tip of wing
position while the maximum stress is 4,193.5325
Pa (Figure 5). The critical buckling factoris 12.4373

while the buckling mode shape is shown in

Defence Technology Academic Journal, Vol. 1, No. 2, May-August, 2019

Figure 6. Also, 10 mode shapes of free vibration
are presented in Figure 7 with the natural
frequency values of 10.2487, 48.1753, 52.1971,
70.9032,107.5759, 171.5839, 183.1966, 196.1920,
201.0211 and 212.4819 Hz respectively.
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fgure 5 Wing stress contour Figure 6 Critical buckling mode

shape deflection

Frequency Mode 1 Frequency Mode 2

Frequency Mode 5 Frequency Mode 6

Figure 7 Modal analysis of natural frequency
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5. Conclusions

Surrogate-assisted design optimization of the
standard VTOL fixed wing UAV with structural and
aeroelastic constraints has been demonstrated.
The proposed approach is based on using a
Kriging model for function estimation. Optimum
Latin-hypercube was use for generating sampling
points for constructing the Kriging model. The
advantages of this approach are that it is simple
to implement and can be used when function
derivatives cannot be provided. Comparative
study of several single-objective evolutionary
algorithms are performed. The best optimizer
in this study is adaptive differential evolution
with optional external archive JADE while
success-history based adaptive DE (SHADE)
provided

close second-best results. The proposed
approach shows accurate approximation for total
mass, critical speed, and lift effectiveness, but
not accurate for maximum deflection, critical
buckling factor, and maximum Von Mises stress.
The aim of this study is to develop a fundamental
procedure for aeroelastic design optimization. With
many recent developments of surrogate model
methods and efficient adaptive evolutionary
algorithms, there is room to improve
speed, accuracy, and consistency of proposed
approach.
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The effect of silica/carbon black hybrid-filler
on mechanical and thermal properties
for solid rocket motor internal insulation

Nattawat Winyal* and Piyanun Boonpraser‘c1

Abstract

The objective of this research is to study the influence of filler mixed with silica/ carbon black
of polyurethane by determining if thermal and mechanical properties of liner pipe are suitable
for small rockets. The inside of rocket motor was coated with an insulating liner to prevent the
heat from ignition and propellant burning process the caused no damages to the rocket motor.
The study found that when liner were filled with silica/carbon black mixed filler, it would result
in an ablation rate decreased by an average to 1.22 mm/s and tensile strength equal to 6.12 Mpa.
Therefore, the liner developed by mixed fillers between silica and carbon black can be used as
an insulation on rocket motors when comparing with the prerequisite of the insulation for solid
propellants rocket and the rocket motors of Weather Modification Rocket developed by Defence

Technology Institute.
Keywords : Ablation rate, Hybrid-filler, Rocket motor

! Propulsion Systems Division — RPS, Defence Technology Institute
* Corresponding author, E-mail: nattawat.we@dti.or.th
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Identifying Flood Areas from Satellite Data and Physical Model:
A Case Study of Tha Yang District, Phetchaburi Province, 2018

Tanutdech Rotjanakusol ' Ubon Sangyotha and Teerawong Lacauwan®

Abstract

One of natural disasters or phenomenon that often occurs in different areas of Thailand is
“flooding”. In August 2018, Tha Yang district of Phetchaburi province was effected by SON-TINH
tropical storm. The storm caused heavy rainfalls and flood. The flood had tremendously effected
the way of life of the people in the areas as well as resulted in damages to agricultural areas. The
objective of this study is to propose the method of identifying flood areas from Landsat 8 data
along with four different forms of the physical model: 1) Normalized Difference Water Index (NDWI)
2) Modified Normalized Difference Water Index (MNDWI) 3) Desert Flood Index (DFI), and 4) Water
Ratio Index (WRI). The results of the study reveal that the data analysis from satellite Landsat 8
along with NDWI physical model is the most reliable method. The overall accuracy is equivalent
to 93.33 % and kappa statistics is equivalent to 0.868. In addition, it can also efficiently specify the

water area from land area.

Keywords : Normalized Difference Water Index, Modified Normalized Difference Water Index,

Desert Flood Index, Water Ratio Index
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Rotor aerodynamic analysis of VTOL UAV using computational

fluid dynamics

Nantiwat Pholdee® Sujin Bureerat’ and Weerapon Nuantongz*

Abstract

A vertical take-off and landing unmanned aerial vehicle (VTOL UAV) has been developed by the
Defence Technology Institute (DTI) which was found to have a vibration problem probably caused
by insufficient engine power. In this regard, the aim of this work is to study the rotor aerodynamic
characteristics of the VTOL UAV blades in order to calculate the power required at several rotor
speeds where the studied parameter is the blade pitch angle by using computational fluid dynamic
(CFD) analysis. The rotor speeds were set to be 1400 and 2000 rpm while the blade pitch angles
were in the range of [5, 20] degrees. The numerical results revealed that the increase of the pitch
angle led to the increase of lift force, drag force and torque for both rotor speeds. By comparing
the lift force and torque required with VTOL UAV mass and engine power, it was found that the
VTOL UAV moved vertically upward at the acceleration of 1g¢ if the rotor speed was 1400 rpm and
the pitch angle was 15 degree. The power required from the engine was 96% of the maximum
engine power. In addition, the engine could not be operated at the rotor speed of 2000 rpm at
the pitch angle of 5 degree or higher, meaning that the engine could not lift the VTOL UAV at this

engine speed.

Keywords : unmanned aerial vehicle, computational fluid dynamics, rotor aerodynamics, lift force
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Abstract

The small arms simulator is an appealing option for shooting training because of its benefits
in lowering the cost, safety issues and waste management. It is well worth to study the market
opportunities for small arms simulator as it is one of the defense technologies that can lead to
numerous trading opportunities. Moreover, it is likely to play an important role in the evolving
military training industry.

This independent study comprises the industry summary and competitor analysis that focuses
on the small arms simulator technology and its opportunity in Thailand. Exploratory research was
conducted using secondary data and in-depth interview. The secondary data reported the overview
about the defense industry and the small arms simulator industry, Thai military procurement process,
the utilization of small arms simulator in military training, military expenditure, budget allocation
structure and trend. In-depth interviews with key persons in the buying process showed the insight
on the importance of the shooting training simulators and described the buying center in practice.

Some military units are using the small arms simulators alongside the traditional field training in
Thailand. The systems are from both local manufacturers and importation. Still, there are demands
for such systems as shooting is a fundamental training and requirements for each level of training
are different. The potential users are Royal Thai Army, Royal Thai Navy, Royal Thai Air Force and
Royal Thai Police along with their sub-units. The procurement of the simulators follows regulation
of the Office of Prime Minister on Procurement B.E.2535 (1992). Nevertheless, a well-established
connection with the right person in the procurement process is also important apart from selling

the product that can serve user’s needs.

Keywords : Small Arms Simulator, Small Arms Simulator Industry, High Technology Buying

Process
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1. Introduction

The cost of resources, especially ammunition
and time, for live firing range is high making
it an uneconomical way of training (Jameson,
2016). The small arms simulator, thus, becomes
more appealing because of its benefits over the
traditional shooting range in lowering the cost,
safety issue, and waste management (Yu-bing,
2011). Small arms simulator can provide realistic
and effective training experience in the way
that it allows the trainees to get used to the
weapons and practice shooting with the ease in
monitoring the performance by the instructors
(Jameson, 2016). It can also serve both novel
and professional shooters to be familiar with the
weapons prior to using the real ones. Hence,
the small arms simulator lessens the risk from
undesirable threat of guns. Furthermore, users
can be trained in the dangerous or intense
situations without actually harming themselves.
The system can also help to lower the cost of
training as the expense on ammunition can be
cut-off and the system installation is cheaper
than building the actual shooting range. By the
application of computer-simulated environment,
the training can be set for shooters with any skill
levels and the scenarios can be changed referring
to users' preferences. In addition, the training can
be arranged any time without having to concern
about environmental factors such as weather
condition. The lifelike situations, provided by
the system, benefit the trainees to have realistic
experiences in handling and responding to the
dangerous situations. Moreover, the system can
keep the record of the users' performances in the

training making it possible to review the result
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(Gun Simulation Facts, 2016).

In 2015, the small arms simulator held
54% share of the total global indoor shooting
ranges market. It was predicted that the shooting
simulator will continue to seize the market size,
market share and growth from the traditional
indoor shooting ranges within 5 years (Shooting
Ranges Market Forecast to 2020, 2015). This
growing demand on the small arms simulator
pinpoints the interest in seeing the opportunity
in Thailand’s defense market as shooting training
is one of the fundamental military practice. The
military budget is continuously rising year by
year even though Thai government hopes to
diminish military supports from other countries

(Strategy Technology Analysis Department,
2016). Thus, this gives room for the domestic
defense technology to grow. The study can be
the motivation for the development of small
arms simulator system in the country as well as
stirring the growth of R&D in defense technology
in Thailand, decreasing the expense from
purchasingimported system and helping to reduce
the cost of training with commendable use of
military budget.

1.1 Research Objectives

This study contains the information about
the small arms training simulator in terms of
the technology opportunity in Thailand. The
information can supply the game developer or
software developer with a better vision on the
potential of the small arms simulator market
in Thailand.

The objectives of this study are listed as
follows:

1. To understand AEC defense industry



and the trend in defense-related budgeting and
allocation

2. To determine Thailand’s market
opportunities for the small arms simulator

2.1. To understand the trend in defense-
related budgeting and allocation in Thailand

2.2. To understand the market demand
for the small arms simulator for military and
security trainings

2.3. To identify the key competitors that
are currently in the small arms simulator market
in Thailand
3. To identify the key factors that are relevant
to the procurement process of small arms
simulator system for military and security trainings
in Thailand

3.1 To define the procurement structure
of the military and the key person(s) who are
responsible for the key roles in procurement
process

3.2. To identify the buying criteria such
as price, compatibility with existing simulators,
maintenance cost, etc.

3.3. To develop a matrix of decision makers,
influencers, etc. at each stage of buying process
2. Literature Review
2.1 Organizational Buying

Organizational buying involves decision-
making process where formal organizations
initiate the need to buy products or services
by identification, assessment and selection of
brands and suppliers. The difference between
organizational buyingand the individual consumer's
buying is that there are more transactions happen
in the process. The decision-making unit in

purchasing structure is called "the Buying

Center" which includes:

1) Initiators who express the needs to
purchase something. They can also be the users
of the product or service.

2) Users who use the product and service

3) Influencers who have the influence on
buying decision i.e. technical expert

4) Deciders who determine the product
specification and suppliers

5) Approvers who approve the actions of
deciders or buyers

6) Buyers who are authorized to select,
negotiate and construct purchase agreement
with vendors

7) Gatekeepers who manage the flow of
information and sellers in reaching the buying

center

| Users | | Initiators |

Gatckeepers F——b[ Deciders Iq—[ Influencers

Approvers

Figure 1 The Diagram of Buying Center

Apersoncantake severalroles simultaneously
as each role can be held by many people.
Understanding this structure is important for
business-to-business marketing as it helps to
define the right contact points and selling efforts.

In business buying, all costs and benefits are
takenintoaccountinterms of monetary viewpoints.
Thus, the compensation between the benefit

and cost is crucial to encourage the buying
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decision. (Kotler & Keller, 2014). Furthermore,
the complexity of the buying decisions arises
as more parties, more money, more risk and
more careful and well-rounded consideration
are needed (Kotler & Pfoertsch, 2006).

The business buying-decision process can
be described in 8 stages called “Buyphases”
(Kotler & Keller, 2014) as follows:

1) Problem Recognition: The beginning of
the buying process when the needs or problems
are reckoned and addressed by an acquisition
of a product or service by either internal or
external incentive

2) General Need Description: The outline of
the preferred quantity and timeframe to obtain
the products or services (Kotler & Pfoertsch,
2006)

3) Product Specification: The establishment
of the desired product or service specification
in detail including technical term, commercial
term and other relevant agreements

4) Supplier Search: The attempt to find
the suitable vendors through both online and
offline media

5) Proposal Solicitation: The submission of
proposal from the qualified potential suppliers
for evaluation and selection

6) Supplier Selection: The identification of
the supplier by ranking the desired attributes of
the candidate companies from evaluation criteria

7)Order-routine Specification: The agreement
on finalized order specifications, quantities,
warranties and other relevant deals

8) Performance review: The evaluation
of the chosen supplier’s performance (Kotler &
Keller, 2014)
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Problem Recognition

General Need Description

Product Specification

Supplier Search

Proposal Solicitation

Supplier Selection

Order-routine Specification

Performance Review

Figure 2 Buyphases of the Industrial Buying
Process

3. Research Methodology

Secondary data sources and qualitative
research approaches were used to investigate
the research problem. The detailed research
design is explained as follows:
3.1 Secondary Data Collection and
Observation

The desk research was implemented to
gather secondary data from various credible
sources such as books, magazines, websites,
government publications, conference interviews,
related market research reports, etc. These
sources of information were able to provide the
information on the following:

- The comparison of military budgeting
between Thailand and other countries in AEC region

-The procurementregulationsforgovernment
organizations in Thailand

- The market trend of the small arms
simulator both in Thailand and worldwide

- The policy to support the growth in self-
help defense technology in Thailand
3.2 Interviews with Military Officers

The primary data were acquired only through

in-depth interviews as the target respondents



were quite limited and specific. These interviews
were the main source of data to get the insights
about the military and security trainings. They
were conducted with the officers who were the
influencers or the decision makers in buying the
small arms simulators of military units and oth-
er defense-related organizations. The result of
the interview delivered the information on the
current methodology of trainings, the interest in
looking for the substitution or addition of the
training media, the criteria which they consider
when they make a purchase, etc.
3.2.1 Target Population

Nonprobability sampling method was used
to recruit the respondents for this study. The
respondents were selected based on their roles
in the decision-making unit. For the purchase of
small arms simulators, the population includes:

1) Military Officers who partook in the
military procurement process, especially for the
Small Arms Simulator mainly from Royal Thai
Army and Royal Thai Air Force

2) An expert from Defense Technology
Institute who is working on a small arms simulator

project called Virtual Shooting Range

Unit Appointment Date

Defence Technology
October 27, 2016
Institute

Security Force Training
Center, Royal Thai Air December 21, 2016

Force

Technical Affairs

Division, Directorate of
X o January 23, 2017
Joint Communication,

Royal Thai Air Force

31t Infantry Regiment
King's Guard (Rapid

February 15, 2017
Deployment Force),

Royal Thai Army
3.2.2 Data Collection Plan

In-depth interview

Method of

recruitment

Personal connection

Duration per No more than 60 minutes

interview

Method of Face-to-face and
interview telephone

Location On-site as appointed by

the respondents

3.3 Analysis of Qualitative Data

The information from each in-depth interview
was simplified, analyzed and summarized by
using content analysis to draw the conclusion
for the research objective 2.2, 2.3, 3.1 and 3.2.
The interview response was extracted based on
the following frameworks:

- Noteworthy actual quotes from the
officers

- Summary of the comments on the current
training methodology or system used in trainings

- Summary of the perception toward the
use of small arms simulator as an aid of trainings

- Summary of the current suppliers of the
small arms simulator in Thailand

- Summary of the influential persons who
take the key roles in procurement process of

the training system
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4. Result and Discussion
4.1 Main Findings from In-depth Interview

- The training centers, which are currently
owning the shooting training simulators, use both
field training and simulator in marksmanship
training.

- Small arms simulator can help to reduce
the cost of training and provide more efficient
utilization of resources.

- By practicing with shooting simulator, the
trainees are able to be familiarized with the
weapon with minimal risk of getting injured from
the unacquainted use of the firearm.

- Various training situations can be
implemented and adjusted to serve training
objectives in order to offer “we train as we fight”
experience to the trainees.

- The trainees are able to maintain or
enhance their marksmanship skill through training
n the simulated shooting environment.

- The Ministry of Defence is expecting for
the simulator that is produced by the local
manufacturers in order to decrease cost as well
as to support the Research and Development of
defense technology within the country.

- “The market in Thailand alone is quite
big because shooting is a fundamental skill that
needs to be trained. Every unit that requires
the use of guns are our potential customers.
However, the extent of advancement of the
simulator, such as fidelity, functionality, etc.
varies according to the level of the users.”
said the interviewee who is a project manager
on Virtual Shooting Range project at Defence

Technology Institute.
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4.2 AEC Defense Industry
The ASEAN Economic Community (AEC)
comprises 10 countries in Southeast Asia region:
Brunei Darussalam, Cambodia, Indonesia, Lao
PDR, Malaysia, Myanmar, Singapore, Vietnam
and Thailand. It was established with the aim
to accelerate the regional economic growth and
encourage cooperation between the member
states in developing and assisting on the matters
of mutual interest (About ASEAN, n.d.). ASEAN
is on the rise to become more influential in the
global defense industry (Smith, 2016). Southeast
Asia’s Military expenditures steadily grew during
2010 to 2014 and accounted for USD 38.2 billion
in 2014 (Thai Military and Asian Region, 2016).
During 2009 to 2016, the defense imports of the
region went up by 71%. Furthermore, Indonesia
and Vietnam are considered to be in the top 5
of defense import countries over the next ten
years. (IHS Global Defence Trade Report, 2016).
Indonesia - the country has long been
having an upward trend for the investment in
defense. With its strong growth in economic,
its defense expenditure increased nearly 40%
from USD 5.36 billion to USD 7.39 billion since
2012 to 2017. It is expected to reach USD 9.32
billion by 2021. Indonesia Armed Forces (TNI)
is modernized based on the “Minimum Essential
Force” (MEF) strategy that determines the
minimum capabilities of the nature of Indonesian
military to response to both internal and external
threats. With this strategy, the defense procurement
is predicted to go up by 42% from USD 1.57
billion in 2017 to USD 2.24 billion in 2021 from
the major procurement plan for purchasing

weapons and armaments. The competition in



the defense market of Indonesia is strong as
there are many military suppliers presented
(Anderson & Burton, Navigating the Emerging
Markets - Indonesia, 2017).

Vietnam - the increase in defense
investment stemmed from the continuous and
fast-growing economy of the country as of 2017
and its inclination to open up its defense market.
The country’s defense budget is predicted to
increase by 26% from USD 4.85 billion in 2017 to
approximately USD 6.12 billion by 2021. Within
the same period, the procurement expenditure
is forecasted to rise sharply from USD 922 million
to USD 1.22 billion. Vietnam is seen as a high
potential defense market. With the offshore
challenge, the country pursues the strategy on
developing the military competence in air and
naval domains (Anderson & Burton, Navigating
the Emerging Markets - Vietnam, 2017).

Malaysia — the slowdown in economic
growth of Malaysia restricted the expansion of
Malaysia defense market. However, it is forecasted
that the economic growth will be resumed
between 2016 to 2020 causing a slight increase
in the core defense budget around 11% from
USD 4.13 billion in 2017 to USD 4.60 billion in
2021.The procurement spending is also expected
to rise from USD 0.98 billion to USD 1.14 billion
during 2017 to 2021. Numerous security concerns
and the desire to keep up with military
modernization are the drivers for Malaysia in
military procurement (Anderson & Burton,
Navigating the Emerging Markets - Malaysia, 2016).

The Republic of Philippines — the transferring
of military pensions to a different part of

national expenditure program during 2011 to

2014 caused the defense budget to remain stable.
It is expected to rise from USD 3.9 billion to 4.6
billion or increase by 17% during the period
between 2017 and 2021 after the reorganization.
The procurement expenditure also opts the
same trend with the projected increase of 29%
starting from USD 767 million in 2017 and rising
up to USD 990 million in 2021. The drivers of
the growth in procurement spending are internal
insurgent issues and tension in offshore territory
incursions (Anderson & Burton, Navigating the
Emerging Markets - Philippines, 2016).

Singapore - the defense investment of
Singapore is determined by the mature foreign
policy. The country intends to balance between
developing military capability to conquest
regional rivals without accelerating tensions,
at the same time, stirring a regional arms race
through inflammatory purchases of materiel. The
defense budget increased by 6.4% from 2015
to 2016 which brought it up to USD 10.2 billion.
The budget is forecasted to rise 9% from USD
9.8 billion in 2017 to USD 10.7 billion in 2021.
The projected growth in procurement spending
is about 14% from USD 1.7 billion in 2017 to USD
1.9 billion in 2021. The country’s defense market
is influenced by its strong national economy,
stable political system and potential regional
disturbance (Anderson & Burton, Navigating the
Emerging Markets - Singapore, 2016).

Brunei Darussalam — an overall increase of
3% is projected for the defense budget during
2017 to 2021 (from USD 387 million to about
USD 400 million). The procurement expenditure
is predicted to climb from USD 64 million to USD
72 million or approximately 13% throughout the
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same period. The country is committed to the
advancement of military technology and the
borders and maritime territory security. Therefore,
alarge proportionin the defense budgetis allocated
to the procurement (Anderson & Burton,
Navigating the Emerging Markets - Brunei, 2016).

Cambodia—thecountryownsoneofthelowest
defense budget in Asia. However, the military
budget will go up around 20% from USD 435
million in 2017 to USD 522 million by 2021. The
procurement budget is expected to have 28%
growth from USD 45 million in 2017 to USD 58
million in 2021. Cambodia does not encounter
any apparent external threat. No primary threats
toward the national sovereignty despite the risk
related to land borders, transnational crime and
civil unrest. The expenditure budget will mainly
be used to improve salaries and conditions for
soldier with limited procurement allocation
(Anderson & Burton, Navigating the Emerging
Markets - Cambodia, 2017).

Myanmar — the country has high economic
potential with 14% forecasted rise in defense
expenditure between 2017 and 2021 from USD
2 billion to USD 2.32 billion. Similar rate is also
applied to the growth in procurement spending
which is estimated to reach USD 594 million by
2021. This figure is accounted for 13% increase
from USD 518 million in 2017. The country’s
reformation in 2011 leads to the needs of military
modernization to improve its strategic position
in the region as well as defend offshore assets
and attain military balance with regional rivals
(Anderson & Burton, Navigating the Emerging
Markets - Myanmar, 2017).

Defence Technology Academic Journal, Vol. 1, No. 2, May-August, 2019 91

4.2.1 Thailand’s Defense Industry

The former military government is the
key driver to the domestic defense industry in
Thailand. Thai military budget rises continuously
every year (Thailand-Defense and Security, 2016).
In 2014, Thailand had 15% of ASEAN total military
expenditure which ranked the third place for
budget in the region (Thai Military and Asian
Region, 2016). It is reported that the 2017 defense
budget of THB 210.7 billion or USD 6 billion
was approved by Thailand's National Assembly.
This figure represents 7% of total government
expenditure during the year and is 2% higher
than expenditure in 2016 (Grevatt, 2016): more
than 49% is allocated to Royal Thai Army, 19%
to Royal Thai Navy and 18% to Royal Thai Air
Force (Thailand-Defense and Security, 2016). The
military budget is predicted to keep rising by 6%
during 2017 to 2021. It is also forecasted that the
procurement budget will portray overall growth
of 20% from USD 743 million in 2016 to USD 842
million by 2021. The purpose of increasing the
military budget is to sustain combat readiness,
equalize the competition in ASEAN in growing
the number of powerful armaments and elevate
the arm forces capabilities of the country
(Anderson & Burton, Navigating the Emerging
Markets - Thailand, 2016).

In 2015, Thailand earned high rank on the
Institute for Economic & Peace Terrorism Index
(ranked 10th), which signified high number of
terrorist activities comparing to other countries
worldwide (Global Terrorism Index 2015, 2015).
Consequently, it shows the promise for the surgein
demand of defense and security equipment with

the US as a major source of defense equipment



(Thailand-Defense and Security, 2016).

The local defense industry in Thailand is
dominated by the Ministry of Defence who also
possesses defense-related factories as well as
cooperates and supports the development of
facilities with private firms. Furthermore, Thai
government plans to advance theindustry tolessen
the dependency onimports,encourage technology
transfer and reinforce national security.
More defense technology development and
defense intelligent systems are to be invested and
procured in order to strengthen military capabilities
(Thailand-Defense and Security, 2016).

The offset policy is pushed forward in
response to this determination. This offset policy,
in terms of defense industry, is a kind of purchase
contract that is not only relevant to monetary
matter of trading products or services but also
on other profitable aspects such as transfer of
technologies, localized production, etc. The term
of the agreement usually focuses on increasing
the competitive advantage of the buyer country
through knowledge and technology transfer
from the seller country. This contributes the
self-help concept in defense technology in the
long run. The offset policy is able to lessen the
time required for Research and Development
(R&D), reduce the cost of technology transfer and
production in defense industry. Consequently,
it can lead to the development in economical
competency of the country with earnest investment,
R&D promotion, employment, diminished
trading deficit and advance the production

for export (Strategy Technology Analysis
Department, 2016).
According to the result from the in-depth

interview, Thai military uses both local and
international manufactured small arms simulators.
The simulators are purchased through authorized
distributors in Thailand for each system.
Furthermore, Defense Technology Institute, a
public organization under the Ministry of Defence,
has an ongoing project to develop the system
in order to serve the demand from user units

with lower cost.

4.3 Small Arms Simulator Industry
4.3.1 Industry Structure

The small arms simulator is included in
the indoor shooting ranges market which is
accounted for about 40% of the total shooting

ranges worldwide market in 2015 with the
projected CAGR of 10.39%. The small arms
simulator, itself, owned 54% share in the total
global indoor shooting ranges market in 2015
and was predicted with CAGR of 12.49% from the
market size of USD 156.83 million in 2015 to USD
282.54 million in 2020. In terms of volume, the
market size for the small arms simulator in 2015
was around 496 units and expected to reach
513 units by 2020. It is also forecasted that the
shooting simulator will grasp the market size,
share and growth from the traditional indoor
targets during 2015 to 2020 (Shooting Ranges
Market Forecast to 2020, 2015).

Nowadays, there are many small arms
simulator systems existing in the market. Meggitt
Training Systems' FAT M100 is widely used
in many countries including the UK, Canada,
Italy, Australia and the US. Cubic's systems,
Engagement Skills Trainer 2000 and EST 3000
are widely used especially in the Middle East
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although they were initially developed for the
US Army. Thales’s Sagittarius Evolution is used in
Netherlands, Japan, Botswana, Denmark, Portugal
and India. RUAG's SITTAL small arms trainer is
exploited by the French Army. Saab's SAVIT
serves their customers in Saudi Arabia and
Japan (Jameson, 2016). The latter system is
also used in the Malaysian Armed Forces and is
claimed to enhance the training for their defense
personnel (Saab Has Solution for Realistic Training
of Malaysia's Defence Personnel, 2016).

In Thailand, there are 3 major suppliers
for small arms simulator systems: Amornmas
Co., Ltd., Astra Technology Co., Ltd. and Global
Technology and Ex-Im Co., Ltd. These companies
are the importers of military training equipment
and technology (DOTTS-10, n.d.; Astra Technology,

n.d.).

4.3.2 Current Suppliers

Amornmas Co., Ltd. has been serving Thai
armed force for more than 25 years with the
competency in military training technology.
They locally develop DOTTS-10, a laser shooting
system for training infantry shooting skill that
can be used from basic to advanced trainings.
The system, built by their in-house technology,
also includes the modified weapons which can
simulaterealisticforce and input various parameters
used in training such as number of bullets,
trigger pressure, etc. Furthermore, they offer
custom-built scenarios and shooting programs
(DOTTS-10, n.d.).

Astra Technology Co., Ltd., founded by
experienced executives in defense related business

activities is a supplier for military products and
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services from USA, Europe and Israel to Royal
Thai Armed Forces (Astra Technology, n.d.). This
company is the distributor for Milo Range, the
world leading simulation manufacturer which
standardizes interactive use-of-force, tactical
judgement training and firearms training system
globally. They offer wide range of shooting
simulation training systems from compact scale
to multi-room for team training with their cutting-
edge technology and solutions. The simulations
are also equipped with advanced training
features, such as weapons, knowledgebase, train-
ee action capture as well as customizable and
ready-to-train scenarios to meet their customers’
training objectives (Milo Range Products, n.d.).

Global Technology and Ex-Im Co., Ltd., is
the distributor for Meggitt Training Systems' FATS
M100. With high fidelity in visuals and target
presentation, the simulator can be used in joint
training up to 24 weapons and multiple-hit
detected channels for scalable training abilities.
It also supports mixed weapons for Lanes and
Collective sessions. The simulation can be
built upon the users’ requirement (FATS M100
Simulation Training System, n.d.).

These companies are competing at the B2G
level in which similar marketing strategies are
adopted to push their products to the key persons
in the buying decision-making process. They
have their product showcase at defense-related

tradeshows or directly approach the senior
officers whose responsibility to elevate the
military units’ competencies in order to build the
awareness to the company. It was found from
the in-depth interview that the well-established

connection is one of the keys to the successful



buying agreement besides the product specifi-
cations and features offered that can serve the
user’s requirement and appropriate price.
There are no contracts signed to commit the
users with the particular suppliers once they buy
the product. However, the suppliers normally
offer limited-time warranty, training session for
instructors who need to be familiarize with the
system, maintenance and technical service and
regular on-site visit. These approaches help to
maintain the relationship between the buyers

and the suppliers.

4.4 The Structure of Military
Procurement Decision Making

Thailand’s military procurement
process follows the regulations of the Office of
Prime Minister on Procurement B.E.2535 (1992)
(Regulations of the Office of the Prime Minister
on Procurement B.E.2535 (1992), 1992). This
regulation is also applied to other government
organizations and across different military
services. The overall structure of the parties
relevant to the procurement process is the
same among military and security units which
include Royal Thai Army, Royal Thai Air Force,
Royal Thai Navy, Royal Thai Armed Force and
Royal Thai Police.

The military procurement is generally
conducted in a bottom-up manner. The process
can be divided into 3 levels on the basis of the
amount of budget to be approved. The summary
of the overall procedure can be summarized as
shown in Figure 3.

Starting from preparing the Term of Reference

(TOR), the User Units state the need recognition,

general need description and specification of the
desired product and submit the request to the
Procurement Division. The Procurement Division
considers the availability of the resources to
create a procurement plan as well as setup a
procurement committee toassess the planwith the
preliminary approval from the Commander—in-
Chief. The procurement plan is sent to the
Directorate of Operations before it is evaluated
and forwarded to the Commander-in-Chief. The
approval of the procurement can be done at
this position if the requested budget is within
the authorized budget limit which is no more
than THB 50,000,000. For higher budget limit
authorization, the procurement plan must be
approved by the Supreme Commander. At this
level, the proposal is scrutinized based on the
military service regulation and 5-year defense
plan. The Joint Chiefs of Staff examines the
proposed needs and prioritizes the budget
allocation based on the type of equipment, the
operation unit that requests for the product and
the security requirement (Wattanayagorn, 1998).

The approval of the procurement plan
is made by the Supreme Commander in
accordance with the Joint Chiefs of Staff’s
consideration. Then, itis passed to the Directorate
of Joint Operations for recommendations before
sending it to the Permanent Secretary. The joint
committee is constituted by the representatives
from the military services. At this point, the
proposal is checked against the policies and
regulation of the ministry before it is submitted
to the Ministry of Defence for approval. However,
only the plan limited to no more than THB
100,000,000 can be approved by this level. The
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procurement proposal above this limit is sent
further to the Cabinet with the confirmation on
the availability of fund from the Bureau of the
Budget. If it is approved by the Cabinet, the
procurement plan will be included in the Ministry
of Defence expenditure and proposed to the
Parliament for the next government budget
preparation. The Budget Scrutiny Panel of the
House of Representatives assesses the proposed
budget with the consultancy from the Military A
ffairs Committee of the House of Representatives
on any particular issues related to military
procurement proposals. Finally, the approved
budget plan is submitted to the Parliament to be
included in the blueprint of the annual budget
bill. The normal routine of military procurement
can be executed by the Ministry of Defence in
the following fiscal year after the bill is accepted
(Wattanayagorn, 1998).

4.4.1 The Buying Center in Practice for Small
Arms Simulator Procurement

Additional information of the procurement
process for Small Arms Simulator was investigated
through the in-depth interviews with senior
officers from the current User Units. Similar
patterns in the buying process are described
as below;

The need recognition comes either from the
User Units’ initiation, the product presentation
from suppliers or the suggestion from the Technical
Affairs Division, Directorate of Operations. The
User Units, then, draw up the Term of Reference
(TOR) stating their general need description as
well as product specification. Although the User

Units are responsible for searching the information
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about their desired system, they are not authorized
to specify the suppliers of the simulation.
Instead, the approval committee, consisting
of Directorate of Operations and Chief of Staff
from Technology-related sector, is responsible
to find the best suitable provider respectfully
to meet the need required from the users. The
Directorate of Operations is also accountable to
evaluate, negotiate and adjust the submitted
proposal together with the suppliers in order
to generate the best trading agreement. This
also includes order-routine specification. The
approval of the procurement depends solely on
the authorized money limit as mentioned earlier.

With this practice, the matrix of buying
center can be developed as in Table 5. It can
be seen that one personnel can be responsible
for multiple roles in the buying center. The
influencers can be the Directorate of Operations
who seek for appropriate suppliers to serve the
users’ requirement, the commander-in-chief
who is approached by the suppliers and sees
the benefits of the simulator in enhancing the
units’ competencies or even the suppliers
themselves who can attract the personnel in
the buying center with their sales strategy. As
mentioned earlier, good connection can bring
about a successful trading agreement. Therefore,
approaching gatekeepers can be considered as an
important part in this nature of business dealing.
User Units act as the gatekeepers even though
they cannot choose a specific supplier because
they can express their interest in the product
through their outlined product specification
when writing TOR. The Directorate of Operations

is the gatekeeper in the way that they can



choose or not choose a particular supplier and  can decide whether to recommend the product

propose to the approval committee while the to User Units or Directorate of Operation after

Commander-in-Chief and higher level personnel  they have been approached by the suppliers.

Table 1 Summary of Defense Budget and Procurement Expenditure

Predicted growth

Defense Predicted growth Defense in Defense

E dit in Defense Procurement Procurement
Country xpenditure Expenditure Expenditure .

2017 (USD) (2017-2021) 2017 (USD) Expenditure

(2017-2021)
Indonesia 7.39 billion +26% 1.57 billion +42%
Vietnam 4.85 billion +26% 922 million +33%
Malaysia 4.13 billion +11% 0.98 billion +16%
The Republic 3.9 billion +17% 767 million +29%

of Philippines

Singapore 9.8 billion +9% 1.7 billion +14%
Brunei Darussalam 387 million +3% 64 million +13%
Cambodia 435 million +20% 45 million +28%
Myanmar 2 billion +14% 518 million +13%
Thailand 6 billion +6% 743 million +11%
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Table 2 Major Small Arms Simulator Systems

Company System Users
Meggitt FAT M100 UK, Canada, Italy, Australia, USA
Cubi E t Skill

ubic negagement Skills Middle East

Trainer 2000, EST 3000

Thales Sagittarius Evolution Netherlands, Japan, Botswana,
Denmark, Portugal and India

RUAG SITTAL France

Saab SAVIT Saudi Arabia, Japan, Malaysia

Table 3 Small Arms Simulators Suppliers in Thailand

Company System Users

Amornmas Co., Ltd. DOTTS-10 Royal Thai Army

The 31st Infantry Regiment King’s
Milo Range Guard Rapid Deployment Force,
Royal Thai Army

Astra Technology Co., Ltd.

Global Technology Security Force Training Center,
FATS M100 .
and Ex-Im Co., Ltd. Royal Thai Air Force
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Table 4 The “Buyphases” Matrix from the Existing Case of the Small Arms Simulator Procurement

Buying Stage Us.er Suppliers Directora.te
Units of Operations

Problem recognition ® o o
General need description [

Product specification o

Supplier search [

Proposal Solicitation [ [
Supplier Selection [

Order-routine specification [ o
Performance review o

Table 5 The Matrix of the Buying Center for Small Arms Simulator Procurement

Buying Center llJJSf?r Directora.te Command.er-in-Chief Suppliers
nits of Operations or higher
Users o
Decision-makers ()
Influencers [ ) o [ )
Gatekeepers o o [
Approver {
Buyer o

5. Conclusions

Small arms simulator is a tool that can
help to enhance military officers in marks-
manship. It offers comparable training expe-
rience in gun shooting practice with several
benefits over the traditional shooting range.
First, it provides better utilization of train-
ing resources especially the expenses on

ammunition and time. The virtual shooting
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range does not require the use of real bullets.
Hence, it is also good for waste management.
Furthermore, the training set-up can be done
easily in no time. Second, the use of small
arms simulator can address the safety issues in
shooting training. It is able to diminish the risk
of damages caused by the unfamiliarity of using
weapons. In addition, dangerous situations can

be implemented as the training scenario without



causing any physical harm to trainees. Third, the
simulators can track the performance of the
trainees unlike the traditional firearm training.

Small arms simulator has become more
popular over time. It is reported that it captured
54% share of the total indoor shooting ranges
market in 2015 globally and is forecasted to
win over the traditional indoor shooting ranges
in market size, market share and growth in
five-year time. The expansion of this technology
is also portrayed through the number of
competitorsinthe global market. Thaimilitary solely
uses firearm simulators from 3 major suppliers:
Amornmas Co., Ltd., Astra Technology Co., Ltd.
and Global Technology and Ex-Im Co., Ltd. Each
of them is the distributor of different simulator
companies. In addition, Defense Technology
Institute, a public organization under Ministry of
Defence, is currently conducting a research and
development of such system to lessen the cost
in purchasing the simulators to better cope with
the demand from user units.

AEC defense industry is becoming more
prominent in the global defense market. Most of
the countries in the region experience the growth
in military budget and expenditure including
procurement spending. Each country aims to
elevate their military competence with respect
to the foreseeable threat from both inside and
outside of the country. Moreover, the military
modernization signifies the supremacy position
of the country within the region. This is reflected
through the undergoing regional arm race. This
can be seen as the opportunity for the small
arms simulator to grow in the AEC region.

Thailand, itself, also adopts the military

modernization. Large amount of budget is
allocated to procure the materiel to keep up
with other ASEAN nations with the military
government as the key driver of the domestic
defense industry of the country. The plan is to
advance the industry to lessen the dependency
on imports, encourage technology transfer and
reinforce national security.

The small arms simulators in the military units
in Thailand are either imported or manufactured
locally by the aforementioned suppliers. It is
also one of the ongoing project at the Defence
Technology Institute with the attempt to supply
the military training units with the simulator
at lower price. Shooting skill is a fundamental
capability that the defense personnel needs to
be trained. Thus, there are the demand gaps to be
filled as the potential users are the sub-units of
the military service and the training requirements
are different among the levels of trainees.

The buying process of a small arms simulator
follows the step assigned by the Office of Prime
Minister on Procurement B.E.2535 (1992). The
bottom-up buying conduct starts from the
procurement proposal from User Units and
forwards up to the level with the authority in budget
approval. The User Units are responsible to seek
information about their preferred system specification
and state their needs in the procurement
proposal. However, they are not obliged to
specify a particular supplier. Instead, the supplier
is chosen by the Directorate of Operations with
credibility as one of the significant criteria besides
the product attributes and appropriate price.
Therefore, it is important for the suppliers to

approach the right person in order to be in the
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consideration set. After the procurement plan is
done and the supplier is selected, the document
is forwarded to the authorized approval body
based on the requested budget.
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Abstract

Fiber - reinforced ablative composite material was developed to protect the hyper thermal
surrounding with hypersonic mobility. To improve the performance of mechanical properties and
the ablation resistance of these composites, much research was dedicated to developing ablation
behaviors such as the selection of nanoparticles for increased carbonaceous-forming ability.
Nevertheless, the effect of manufacturing ablative materials processes were neglected. The comparison
of preferable manufacturing process including compression molding and vacuum bag molding was
investigated. Ablation results showed that compression molding had properties for manufacturing

complicated shape ablative composite materials.
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1. Introduction

More than four decades many researches
dedicatedin developing on thermal protection systems
field especially fiber-reinforced composites ablators
were protecting various apparatus from severe heat
during hypersonic vehicle mobility for aerospace
and military applications [1-3]. Several kinds of fiber-
reinforced composites ablators employ organic
thermosetting resins or thermoplastic polymers as
matrices of materials such as polybenzimidazole,
polyimides or phenolic resins [2] whereas
conducting application is mainly considered
carbonaceous-forming ability of matrices. The extent
research of increasing efficiency this parameter
would be investigated various physico-chemical
phenomena matrix activities of ablator such as
organic matrix decomposition, the release gas species
rate and formation of carbonaceous solid on top

thermal protection systems surface [2, 4-9] that

illustrated in Figure 1

Figure 1 Model of physico-chemical phenom-

ena matrix investigation [10-11]

Therefore low thermal conductivity additives
were investigated based on concept of decreasing
erosion rate when thermal protection systems
contact the heat flux [12]. Hussain [13] discusses the
effect of functional fillers in matrix nanocomposites
that presents crucial part for improved performance
of organic thermosetting characteristic as well as
Wang and et al. [14] propose zirconia nanofiller
dispersion in the matrix that effect for the thermal

stability through quantitative optimization. From the
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previous research, Kango and et al. [15] and Wu and
etal. [16] shown the synthesized modern composites
ablators by surface modification with different liquid
solvents cause enhanced nanoparticle dispersion
in the matrix part. Furthermore, other groups of
thermal protection systems research reveal the
relation between matrices and reinforce material
parts that the main role against excellent mechanical
properties including desired flexible to withstand
enormous shear stresses of reinforce ablator [17].
Peterson [11] evaluated several kinds of different
orientations fiber in ablator as a result to reduce
erosion rate on hyperthermal condition. In addition,
this study was also focused on selected the long
length reinforce fiber optimization while Schmidt
[18] point out pro and cons of use silica/phenolic
reinforced materials as ablator comparing with carbon/
phenolic composites found that carbon/phenolic
reinforced materials had distinguished anti-oxidizing
behavior in severe condition so silica/phenolic
ablators are used absolutely widespread. However,
the numerous studies continue developmental
approach to improved mechanical properties and
the thermal stability of the composites ablator
wherewith neglect the manufacturing process that
one of the major problems of re-entry heat related
to surface recession of ablator in severe condition.
Vacuum bag molding and Compression molding were
significant manufacturing process for manufactured
complex shape ablator in anywhere military apparatus
while vacuum bag molding was favor because this
process was easier and faster than compression
molding. Nevertheless, the compression molding
process was using in some parts therefore the aim
of this work focus on the simulated manufactured
process and characterization of thermal protection
systems for point out the possibility of improving

the thermal stability in any military parts.



2. Experimental section
2.1 Raw Materials

On this studly, fiberglass felt No.600 are used to
reinforce for insulating material and the commercial
resole phenolic resin was selected in this present
investigation act as matrix material because exposed
to severe temperature on the surface area it can be
produced high charyield layer (approximated 55 - 60 %)
and stable for oxidation resistance when these
material degradation begins [2,4]. The solid resole
phenolic resin dissolved by mixing with isopropanol
in 1:1 weight ratio at ambient temperature. The
properties of dissolved resole phenolic resin shown
in the Table 1.

Table 1 Properties of dissolved

resole phenolic resin

Phenolic resin Chemical
composition
Solids 60-64%
Solvent lsopropanol
Free formaldehyde 0.6-0.2%
Free phenol 11-18%
pH (T = 250C) 7.0-85
Gel time (T = 135¢°C) 11-18 min
| Color Golden yellow

2.2 Specimen Preparation
We study the difference of insulating material
manufacture between compression molding and
vacuum bag process for focus on insulation system
effectiveness. At first activities were cutting the fiber
glass felt to size 11 x 11 cm2 and fully impregnated
in resole phenolic resin container after that
obviated the phenolic resin excess totally embedded
matrix material assume 60% by weight. In the
second step, we use thermal treatment by increased

temperature up to 90°C at 2 hours in circulation

oven for eliminated amount of solvent in the in-
filtrated resin of insulation system. After the cure
process there were divided the fabricated insulation
system into two protocol namely, 1) Composite
insulation system sample were prepare by create a
stacking fiber glass felt sample around 14 layer ac-
cording to ASTM E285-80 [5] and compression stack
sample with compression molding which shown in
the Table 2) Similar prior Compression stack sam-
ple were compress with vacuum bag molding that
gradually increase temperature to 175°C around
3 hours at minus pressure 5 Bar. when complete
manufacture both kind of stack insulation system
sample there were carry out with material density
test, X-ray radiography and an oxyacetylene flame

test respectively.

Table 2 Protocol of compression molding

Program Time |
Pre heat (at 175¢C) 10 minutes
De gassing (4 time) 10 seconds
Full pressing (at 30 minutes
1750C)
Direct cooling 2 minutes

2.3 Characterization Testing

After complete the sample preparation each
kind of ablative material process sample have been
established with dimensions of 10 x 10 x 6 mm
according to the standard ASTM E285-08 shown

in Figure 2

Figure 2 Sample of ablative
materials specimen
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Density Analyzer were performed with a
Mettler Toledo XP 105 testing machine. The four
cubic sample in each process was measured using a
cantilever system compare with paraffin oil density
at room temperature 25 + 5°c and relative humid-
ity at <50% RH. The evaluation of density ablative
material showing the indissolubility of their materials.
To confirm from previous testing the coverage of

matrices in each reinforced stack felt.

Table 3 Condition setup for X-ray radiography

Program Condition
Voltage 120 kV
Ampare 1.2 mA
Exposure times 1 sec
Focal spot 2.5 mm
Source to specimen 1500 mm

X-ray radiography was employed to investigate
both density of sample and defect characteristics
factors that elucidated demerit on manufacture
process and the experimental setup condition
presented by Table 3. Ablation test was carried out
to appraise mass ablative rate of ablative materials
with an oxy acetylene flame system [19-21] in
current study by following the experimental setup
according to the standard ASTM E285/08 wherewith
this standard suggested the testing of flat specimen
bed in condition of steady flow hot stream by
oxyacetylene burner. In the ablative specimen test
bed was placed perpendicular to hot stream and
kept distance from the specimen to torch nozzle at
20 mm [20]. During ablative specimen testing it was
measured by K-type thermocouple which fitted on
the central back surface of ablative specimen. The
linear ablation rate (ARL) was calculated using the
following formulas [22],

ARL = (d1 - d2)/t
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Where linear ablation rate are ARL and d1
and d2 are thickness of specimens before and after

ablation test (mm), and t is ablation time (s).

Figure 3 Oxy-acetylene flame test apparatus

3. Results and Discussions

Oxyacetylene flame exposure tests was
employed to investigate performance of each
ablative materials by measuring the period of
surface recession time. The thickness of specimen
and the penetrated heat flux duration from torch
nozzle are reported in Figure 4. The representative
of difference manufacturing ablative material in this
study divided into two categories that consist of
ablative compression molding material (CMM) and
ablative vacuum bag molding material (VMM). From
the data are reported in Figure 4 found that trend
of materials degradation on VMM specimen was
clearly higher than CMM specimen. Nevertheless,
CMM specimen show the best results in terms of
linear ablation rate that unable to concluded the
compression molding implement was better than

vacuum bag molding method.
Ablation Test Result

0.500

0.375
0.250
0.125 -
0.000

CMM VMM

Ablation (mm/s)

Figure 4 Oxy-acetylene exposure tests



When we considered the burned surface of
the top in each specimen that reports in Figure 5.
CMM specimen have highly viscous melt layer which
covers on the top much more than VMM surface
specimen.These highly viscous melt layer working as
an anti-oxidizing protective barrier without inhibiting
radiative cooling [2-3] so the CMM specimen
have lowererosion that improved the ablative
performance.This result can be explained considering
the majorrole of these layer were widely discussed
the effect of formation of a uniform char layer at
the surface [3]. Which the uniform packed regions of
CMM specimen reveal performance of endothermic
absorber in boundary layer [23] that influenced form

manufacturing process.

Figure 5 Burned surface of CMM and VMM

To understanding deeply the effect of
manufacturing process, X-ray radiography is referred
to support their reasons. All tested samples were
evaluated in order to observe the interrelation
between matrices and reinforce ablative materials
or defect on manufacturing process and explained
the understanding of difference uniform char layer
in CMM specimen and VMM specimen that occur.
Infiltration process of matrices in difference methods
was measured by X-ray radiography that shown in

Figure 6

Figure 6 X ray micrograph show defect of CMM
and VMM specimen from left to right respectively.

The interpretation to comparing density in
each specimen observed by pixel value of image
when the pixel value of CMM specimen (11,800 -
11,900) was lower than VMM specimen (12,500 -
13,000) reported in Table 4.

Table 4 Pixel value of specimen

Sample Pixel value
CMM 11,800 - 11,900
VMM 12,500 - 13,000

This value indicated penetration power beam
of X-ray resist with dense of CMM specimen better
than porous VMM specimen. On the other hand, The
VMM specimen have many internal void regions that
corresponding to the previous data of Oxyacetylene
flame test. The void regions in VMM specimen
are present non-uniform erosion rates which lead
to rough surfaces that are more susceptible to
mechanical erosion [3, 25] and internal rough
surfaces inhibit phenolic resin pyrolysis to produced
carbonaceous residue or char layer consequently,
VMM specimen shown inferior ablative performance.
From the discussion above the Oxyacetylene flame
tests previous result their interpolate with x-ray
support result concluding that diffusion surrounding

pressure of vacuum bag molding method unable
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reduce the void volume inside ablative materials.
Although the density of difference manufacturing
ablative materials have similarly that reported in
Table 5. Finally, this work research point out the
key factor for increased the thermal stability in
ablative manufacturing process is diffusion surrounding
pressure.

Table 5 density of ablative materials

Sample Density value
CMM 2.2009
VMM 1.9332

4. Conclusions

In this study, the effect of manufacturing
ablative materials process were analyzed. Thermal
stability and defect of ablative materials were
evaluated from Oxy-acetylene exposure tests, X-ray
radiography and density test. From these results,
the thermal stability was increased with increasing
diffusion surrounding pressure that ease selected
to compression molding for fabricated the ablative
materials.
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Synthesis process of alternative composite materials for renewable

energy applications

Taddao Phuthachart!’, Narumol Kreua-ongarjnukool? and Rungsima Yeetsorn?

Abstract

This research successfully developed bipolar plates from polymer composite of direct methanol
fuel cells to improve their compressive strength and creep behavior. Since fuel cell applications
such as portable electronic devices or transportation, single fuel cells must be assembled as a fuel
cell stack to achieve adequate voltages. The fuel cell stacks must be under high clamping force to
reduce an interfacial contact resistance in the stacks and also to prevent the leakage of reactant
gases. This research fabricated the bipolar plates using polymer composites comprising poly (methyl
methacrylate) (PMMA), polyurethane (PU) and carbon black (CB) via bulk polymerization with
interpenetrating polymer networks in casting process. The percentage of interpenetrating polymer
networks in the composites was in the range of 96.71 to 99.27. Results from flexural strength and
compressive strength tests were in the range of 31 to 40 MPa and 48 to 64 MPa, respectively.
Those were higher commercial composite bipolar plates. The long term creep behavior test of the
PMMA/PU/CB composite had the total creep less than 0.4 % in a fuel cell condition. Incorporation
of CB into the polymer improved the electrical conductivity of the composites, the surface and
volume electrical conductivities improved from insulating material to semiconducting material. The
PMMA/PU/CB composite was promising to be the bipolar plate material in terms of mechanical

properties. However, its electrical conductivity must be improved.

Keywords : Bipolar Plates, PMMA/PU/CB, Compressive Strength, Creep
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1. uni

wad Weindsuulouusanesedlagnss
(Direct Alcohol Fuel Cells : DAFC) iuwadidomnas
wuudeunuLanUdsulusnew (Proton Exchange
Membrane Fuel Cell : PEMFC) wiiandls usld
weanegediludomawnuiiglslnsiou (Barbir,
2006) Faueanesediimuasnitlunisussquas
vueunnIfwlalasiou DAFC Fedamduunas
NHINUNALNUNEINUINTLRSIEEY wagausaly
uedosiidandsnulniindmiuiudivinslnald
wu dhlUlglurwun anndlnsisennia ledwsusyuy
doansluituiiilaidnsualai vieldlugunsal
W Ly Insdnsiletie meuiamasuduiioU iWudu
Hosnwadiomawdniifivuadn drvdnun
wagliifuguiindoulmlunsiivadonasly
¥ 1uaseazdoniiwad deindwiaien (Single
Cell) oFpstunuvaynsueniigadidomaun
(Fuel Cell Stacks) Toyavinuanuisofisuan
wansliiiud wildluesduszneundnditnasonis
ﬂ%’uﬂqqﬂﬁzaﬁmwmmLézjaét.%al,wéﬁLLUU{]aummuaa
1aems9 (Direct Methanol Fuel Cells : DMFC) @®
wrinilihaead (Bipolar Plates) Wil iffesann
waswadiemaodd Bipolar Plates §71u 2 Fu
Fathminandudesay 55 vesiminwaddemas
warfdununisndndniiuovas 37 veesian
wadiTeIna (Tsuchiya & Kobayashi, 2004) lng
711U Bipolar Plates #@nannns v insgnslus
aansadrlviln Aumumsianseulad uagaiu
wunwtuiesndn Bipolar Plates findnanlany s
fiteaidnAesndenstugdlunisadisteamianis
Tvaunusu Bipolar Plates iilasniinuudauay
\Ws1e damalviueu Bipolar Plates fiagtiuldemd
AT tminann auneing WAZAUYUNITHER
@9 (Wu & Shaw, 2005) & %3u Bipolar Plates i
nananlanedia1nisiilada Anisdiauseu
wazaudRlanags sudansdusuiielides

fdaderetnnseulade MlnAaduidusenlad
\wdovuuiiuin denalirusunuiiindudags
wazlosouvedansiifansoududunisfiuniy
Aunuli iUy danadunafissuisen
518nInsa (Electrode Catalyst) $me fafu Faflnns

N |

iU Ul geiuinde anii il duassunu
nsnnsouiia d93EtondensiauLaziun
voaunulanzduduguassanonisiluussynd
19971 (Huang et al., 2005) dwmsuiansznay
waslunanain wisemesluwNauiuAISUDY WU
ASUBULUAN (Carbon Black) sensnlny i
1WA Bipolar Plates (Dweiri & Sahari, 2007, Liao
et al,, 2008, Kakati et al., 2010) 1ilpa9nd1ese
nswan vvdnudledieuiuns iy viewsulavy
usigfdldansuauluyTinags it lanunsavlit
Igmutimane Gadsnaso YanvilriaudRidnaanag
Mnyamstnedurlinuideifanuusyad
7iznan Bipolar Plates fiflautRinnuamusiousssn
wazn13AvgeaInTagnediuesileusenausening
woAiaIMAsIaRNaNiUNeRgInY (Polyurethane
 PU) (Kreua-ongarjnukool, 2012 ) Tnawaiiafiviily
Anlassadadenlostunuulasesmdienuuden
[eiant (Semi-Interpenetrating Polymer Networks
- Semi-IPNs) Tuneufunisdansisy maiail
Junswaunediuedseudaeswinfidaudinig
wedlulawfinduazaruninfiuansneiulsdt
Temsfeiuiurssenglmilasssneiiaonla’
Aurilrnedwesnauliandfideng audanisniy
Sou LLazmiwwiaamﬂﬁqﬁu (Dhoke et al., 2006)
iy nswIeslnemadabozdunsivauding
VUUSIBALEZN1SAU (Creep) lriunadiuiiawmesian
Andntuld wazenad3snisananlulfidusn
madennilsdmiuldnanduiagmiadendmiy
nsUszendldlufanisndsnunaunu viielufanis
Frundsnummsiiietes
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2. NMINAFHUNAAD
2.1 MssBuNedpSdaUsENaU
nsduAsIEvinealuialuniasian [Poly
(methyl methacrylate) : PMMA]/wody3inu
(Polyurethane : PU)/A5usuLuan (Carbon Black)
Fupszituanaseiifidlunside Ysvneudae
Methyl methacrylate monomer (MMA monomer)
: (Thai MMA Co., Ltd), linear glycol adipate
polyester polyol: (TPRI Co., Ltd), aliphatic
hexamethylene diisocyanate: (Bayer Thai Co.,
Ltd), azo-bis-2,4-dimethyl valeronitrile (ABVN):
(Thai Special Chemical Co., Ltd), ethylene glycol
dimethacrylate (EGDM): (Fujimori Ltd) ez dibutyl
tin laurate (DBTL) : (Bayer Thai Co., Ltd) lneans
wi9AuTa7n PAN ASIA Industry Co.,Ltd. Wi
ASUBULUAN (carbon black: CB) grade acetylene
black (AB 50 P)iﬁ‘i“Uﬂamaingwﬁmﬂﬁﬁw IRPC
Public Company Limited Thailand %ﬁﬁﬂmﬁﬂwmz
ANIY ﬁ&‘ﬁ : 0.02% max coarse particles,
0.085-0.095 gcm-3 pourdensity, 0.25 max Q.cmelectrical
resistivity, hag@ivinazaty dichloromethane:
(commercial grade) Tngansiafisneg Mldluns3de
%Mﬁwmiﬁﬂﬁﬂ%qwﬁ%’l (purification)

2.1.1 waawauniAsLan [Poly (methyl
methacrylate) : PMMA]

NOALUTALUNIASLAN WIoNBAIUBTBYASAN
(Acrylic Polymers) flassasna wanssaguil 1
wodluiamediandunedwe fAfinuedugiu
annsaazanglalusiavanevatesiia lawn wudy
Ingdu Aaslslosu uaziefidunaslse audfiau fie
Wunanainlusala liflduazlamiounin dainy
AINUA BKIITALATNITARIDEY NuTedeila A
nuanswaiineauns nutuazansazanedunislan
TNIA-LUag U wazUffseazdauiliindu
(Saponification) autAn1siduauiulniruiunans
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wweAeiiiusznaudemy -COOCH3 Fudu
yfifianmda uidedes Ao ufausiuss auso
nunudensdnnsaulalifuiug wagliaunse
ihluldiuauisuusanssunngsls Tunsudtym
fananhlitnAdeiflesuupmniRvemoduia
wnesanliaiunsatrludssendldaulaegng
sorilosnlagnasn lngmsifianstisusu iR
MFVULTINTLUNN 19U ATHaNasTTlandRnm
Bamgu Lun wodTinu (Polyurethane) fefitunou
wagnszUILNISianedweslibwen lnewasuay
wiuseliiulassadiadaenisldmadanisiin
lases19mnUnsnuvdenlyl (Interpenetrating

Polymer Networks : IPNs)

H3
£CH,-C]
n

¢=0
Q

CH,
5UN 1 lassasmildvemediuiiawmiesian

a o

2.1.2 waaysnu (Polyurethane : PU)

v
=

wadeinu (Polyurethane : PU) \Jumnedes

dnsvliawmeslunanafinuazinesluen laeiing

a

33U (Urethane Group) Tulassasne anunsawnsew

=b

e

1Y

villanwazuywuurloni vieaunseisulanilen
g

—9

Ussgndldiunulivanednuase swsiiludule Ju
819718 AUNTENINTT UT0ATLATOURY AN
wane19vevilnnefyTinuarduivanvazveny

o

8afa (R uar R) Tulaseashe uansdaguil 2

@ HQ
+OROCNRNCH

JUN 2 lassasnamiluvesmedesinu



msdaasinedgimuausaduneilaann
Ufjisenmaifiemedmesuuuaumiu (Condensation
Polymerization) sywinansned 2 aiin Ae lele
Wlweun (Diisocyanate) uaglaoea (Diol) wand
Fa3ud 3 TunisiSeunedgiinuainlelelylesn
e yhuFAzendulnoeaszvinlildnedyTimudi
anwazdumesluwanafin daunsnSeunedeFinu
siawmesluwnazanusanioaldlasnisiiuansi
fnglilaidunnnndi 2 wileddu wu n1sldlasesa
(Triol) unulnesa LLamﬁqgﬂﬁ 4

0 0

: OH
HO R-OH-C-N-R-N-C

H O
Diol Diisccyanate

Polyurethane

JUN 3 Ufisemisdaasizgvinedysiny

oH © Q o o H HO
HO-R-OH-C-N-R-N-C———~ {0-R-0-C-N-R-N CIr
Triol Diisocyanate Thermoset polyurethane

1Y

UM 4 UjisennisdauasisvinedgSimunianvauy
Juwmesluwamnedesinu

2.2 Tasssemvrenuudanlyd (Interpenetrating
Polymer Networks) (Campbell, 2000)

1Ase1emaneLuvaenled (Interpenetrating
Polymer Networks : IPNs) Junsrsveanediues
navaeriniulufitlasadranuulasisnenigag
(Networks) TngliUAslassnaiuvosusasnodwes
Faedwesylausnaziadulassemtnelneine
duesminllunsnlulasesimivngveamediues
yiausn Tnegluuulasesmdrguuuaenlyiae
flog 2 Yszin Ao lasesmndneuvuaenlyivuy
z‘mg‘iiﬁ (Full-Interpenetrating Polymer Networks
- FUlLIPNs) wazlnsasnemdnenuuaenleiuuuis
(Semi-Interpenetrating Polymer Networks : Semi-
IPNs) LLam(}w”qgiJﬁ 5

~f0-R0-C-N-R-N C}r

(a) ()

JU#l 5 Tassafraveslasesaniouuvasalyd
(Hoare & Kohane, 2008) (a) Full-IPNs  (b) Semi-
IPNs

2.2.1 @¥iadu lnamea lawniasian (Ethylene
Glycol Dimethacrylate : EGDM)

wiladu lnamea latuniasian (Ethylene
Glycol Dimethacrylate : EGDM) Tidhuansidiouwans
dwdunszuiunsiinlndwesuuugnleniusnfnea
Tuluanawefwitawmasian Tanvazluvaanad
Talaifd Syavaeumaiviniu 0°C uazilynfienag
7t 85°C iulaeiaus (Coagent) dmsulesoonles
dednmadonrnetu Sanuafesngligungd
uazAmiuUng fassadauansiasuil 6

H2C\ /&\ l.é //CH2
¢’ 0-CH,;CH,0“°C
CH, CH,

JUN 6 lasaasaveaediadu lnanea lawmasian

2.2.2 a15uauwuan (Carbon Black)

AT UBULUAN WuNdnduainlaaInn1siNg
Ingildauysalveshiu viafewsssuvd dmsy
ArsuauLuan Aldainniswrlnlivliauysaives
6V aa a 1 aa I3
Awezfiau 158071 sviwiauwuan (Acetylene
Black) aziwiduwuaniduaisuauludniiaing

a £ | & < oA o o
Usandgeninmsueunuanngudus dninluldly
msudneradlni isedunguifilasaiegann
mupnantRndlniuazinnuiouss nsgadu
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Arudulduargaduvevaligs Fnilulddy
fngRuugrudnsundngaduis wuieatuans
Waussens iietlosiulnihadauazensilndh vide
TagnanaRnengg ﬁiﬁi’ﬂumiqmammm
2.2.3 ASTUIUNNTHADUNUNDANBSITIUTENBU
PMMA/PU/CB
MIFUATIERUNUNDALLDSITIUTENDU PMMA/
PU/CB ?Tugﬂﬁ'wﬂﬁsmumwa'a Lﬁaammmu
wodlwedieUsznau PMMA/PU/CB fiw3euldain
nszUIuMIVdevzlautRidnadia Tnenszuuns
waowuulisaiies (Batch Casting Process) fleu
IFYNIINTEVIUNITUABUUULLAE (Cell Casting
Process) iiumafiafitugulutihfiduusiuuda i
Eouminiredsenuiuaesduiildiidesivesnis
waesin Seumnsnsiunsainisdeuuuseiessd
Foifnamzanuninavitii witeuealdsin
e svaelnemalataguIniinsvde
shempdiansvaeuuuneliios msvdenanafng e
wedlaluuwas LLamé‘fagUﬁ 7o Alilumaiail
wdulsuliSsuLazavanUsEnufume iy
wuvaUse eliAnnstufvesununediuedide
UsENU Waznwen1suAmYeIneallesdeusenau

Tempered Glass
Compound
PVC Gasket

/C-Clamp

gﬂﬁ 7 NIVAONANERNLUUWAS (Batch Casting
Process)
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3. NANT3IBUAZBAUTIUNE
3.1 namsAngmnnanfimsneaulunmsduaziiou
(Sonicate) Lﬁ'anﬁzmaaqmﬂmi‘uaul,w?miu
d1sazanguauaIND;
dlefinsantadevesnandifnasonisnsyans
aUNIAATUBLLUANLUATTAYAIBNBURILBSTZNINS
funsunstusulaglfieiesganiluia (Ultrasonic)
g0 35 kHz tngldinan 15 30 45 uaz 60 Wil ile
AnwnafivinzauLEnINaRIn15197 3-1 WU o
Wnsdugsifieuansavansueuaweifeaiondes
AuiigeeyMAmIUsLULUANTITINg AnsTuTansaiy
\Hungu (Aggregate) Suidlesaniivuneyniasesu
W luIwiliiiiuse Van Der Waals sni19eunia
a1 (Yao et al, 2013) 9zBunszanesesnainiu
mseldFundanuanaaudssasigadienatiu
U 15 ufl SnwarvedEsaraIsNouDILBsNILIY
il uinueuLuandnadidnvarsuiuly
naufauey LA 30 W17l nquABuYeIAISUBUWUEN
Bunszanedudedeafufvasazareuousiues
an 45 unit asusunuannsraeindudodeiu
fuansavansuevewesldntay widlofiunanly
msduaziiiowdu 60 i asavarsususwedBy
fianunilaiuduauinanisudssh
PNHAVDINITVIABBILUANTIT 3-1 WU B
fmnzavesnsduaviiowsnoinieadonuigs
YeImSUaULUAN TuansavaneueauaesAe teunin
60 Ui Lﬁmmﬂé’ﬂwmzmqmamwmadmiazma
wouawesdlolnaiuinndt 45 unit sxfidnwas
nilnduiAulvauldannsoilutusudeniavae
aquuly Wesmniinnisnedwelswiuves MMA
uouawefdiu PMMA all iinann1sgnnseduan
mMsduaziiioumneinieadesmuiguasgamgi 3
denalviin3Guufftoneleda-2 a-lawfiarualslu
lnsd (Azobiz-2,4-dimethyl Valeronitrile : ABVN)
wanddusyyadaszuaznszauld MMA ueuswwes
Anuffsemedwslswduiu PMMA



3.2 NANISANYINIBATIEIUYEY PMMA/PU i
mmzauaw%’umi%ugﬂtﬁuuw’uwaamai‘
WweUsznau PMMA/PU/CB
NAUBINITANYIDNTIAIUTLTNIN PMMA/PU
Tasnsifn PU iiterfiuasdanguliannsadiily
a519eannenisivia (Flow Channel) Uuuiunedimes
Wausznaula Tnefnwionsidiuves PU s
miSTTuEULﬂuLLNuwaaLuaéL%dﬂizﬂau PMMA/PU/CB
wavdwasoaudRdena WelduSunamsuaunudn
5 phr uazanlunisduaziiieu (Sonicate) e
n3ELRUMARIUBLUUANTIARUAL A LZe
Tugnsaratsuouawwes 45 il wuin ey PU
Sovar 10 liannsotuguifuuslld esndnmndau
U3unau PU tleeiullunsifeu fisemedwelswdu
999 PU iolwaenle’ Tulasesisnnang PMMA
Jallanysal dnwarveununediuesidalsenou
wanafagUT 8-1 (a) wazilowiuUSuaudnsidru PU
fedovaz 30 Mlansazarsneusiesinunin
Wistu Uszneufudieduasueunudn 5 phr
vinldansazanedauniadfiutusn faiy e
"Lﬂmamaiﬁ:uﬁﬂimﬂLﬁaﬁugﬂﬁuﬁmmﬂwiawu
Wiy (Deflect) wsznisiva (Flow) Ailviiliiia
WesonmeluununedwesdaUsznay PMMA/PU/CB
LansagUT 8-2 (b) fedu Smrdan PMMA/PU 7
ansawsesldideusumuansueunudn 5 phr fe
85/15 80/20 wag 75/25 (Phuttachart et al,, 2014)

3.3 NaYeIUSUIUANTUBULUANABNNSIAT ALY
nodwessUsznau PMMA/PU/CB
WielineAlwediBessnou PMMA/PU/CB i
w3euladantan1sinlnin Jednwonsidiuves
ANSUBULUANABNSIASBULHUNDALBSITeUsYNOU
PMMA/PU/CB Tagldanlunisnseanediveseynin
asusunudnluasazaneuouawes 45 Wil waiild
fidnwaizuansdsguil 9 nud Yiinamsveunudnd
sllégeande 5 phr ilsanilovhmsiduaivey

WUAngand1 5 phr (6 phr) avmduduvesansueu
wuinfigituazdunaifiveuminvesansazane
wouewes dwalviinni1sinvinenisiinangly
wadlueives PMMA uag PU (Xu et al.,, 2012) vilw
Tanunsomaguiduuniula

3.4 Wava4 IPNs sloanwmuzdnguINg1vas PMMA
blend PU

dnwaurdngninenwes PMMA blend PU i
nanlpgluldimeiailiiinlasssesmaneluuden
15i%] %ﬂiﬁﬂgmmﬂmmﬁ%’mLﬁ]uizij PMMA lay
PU Tnewaves PU azUsng duddunseaiseylu
wla PMMA Tidudeeu LLamé’hgﬂﬁ 9 (c) whng
navlpgldimadaiiviiliifalasesemgisuuuden
lu3sening PMMA fiu PU aglaiusngnisueniula
LLamﬁagﬂ‘ﬁ 9 (d) wmszRanIsNzREIRLT L8N
geled PMMA fiu PU (Kumar et al., 2006)

3.5 Wav4 IPNs faauURARINavaInadiuasiye
dsznau PMMA/PU/CB
mMsiinlasasenewuUgEen v ivemediues
Bausznau PMMA/PU/CB Sualsinisiieiuiu
vosaelaluianasening PMMA fu PU fidu 39
danalanURiBinavemodwedBasynoutiiniu
F8 PMNWNANTIATIZASDYAZNITNALATISIAIUNY
wuvgenlvivesmedluesileuseneu PMMA/PU/CB
§m31du 75/25 5 phr 80/20_5 phr 85/15_5 phr
fdavindusesas 99.27 97.77 way 76.71 a1y
819U @0AARBINUNANAADUNISNULIIAAIDYDY
woAle HTaUszNeU LanssgUR 10 Faustindnsd
75/25_5 phr agildndiuusunn PU aandndnsiau
u SailrmeAmesfnsenouauRtamguiiiuiy
Hualinsamuseusidneanas uddlosnsau
Usunamnsusuwudniiindudu 5 phr A1N15MY
Lmé'fmaﬂﬁuﬁﬂ'WLﬁuﬁuqm’iﬁmwﬁ’mﬁu il
dlesnnavesnisiinlasssengsuuvaenled
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981915 wedluesiBeusynou PMMA/PU/CB
yndms1dmfiUsinamsueuLuan 5 phr s
VIUsBUSIFTEgeN TN Bipolar Plates finAnanediaes
Badsznoudidmualaensensrandesuanisy
(The US Department of Energy : DOE) @115y
wadiowmdwuudeuiuuanideuiusneu (Proton
Exchange Membrane Fuel Cell : PEMFC) 111177
25 MPa LazHavoInIsAaAlATITNnIuIgLUUaen
lufvpmnedinesideUsenaudnsndu 75/25 5 il
ﬁwqaﬁﬁmaiﬁmLLiQLﬁquqmﬁwaéL@J@%L%dﬂﬁzﬂavﬁ
ﬁm‘iLﬂgt’JuLLﬂadLLUU%Mﬂu (Engineering Yield
Strength 71 2% Offset) LazANUAUMUNTAETY
V30ALOQRALUUTUALY (Secant Modulus) fings
Jude wansiesuil 10 (Phuttachart et al,, 2014)

3.6 WavasUiuiunIsiiuaIsuauwLuanAanis
nszanefivasaynIanisuaukUanTunediues
Wausznau PMMA/PU/CB
NAMA1EFUFIUINGIVDINDFLUDT 1T
Usgnau PMMA/PU/CB 8%51d7u 80/20 3 phr
waz 80/20_5 phr 9Innasdganssaudidnaseu
WUUADINTIA (Field Emission Scanning Electron
Microscope : FE-SEM) finasene 20,000 1 AneLss
5 kV uanedaguil 11 mmﬁui’mmmmaymﬂ
AISUBLLUANIINAIMNAIBTIUIY 50 BYNIA/ATN
71U 3 A MelUTUNTU SemAfore LaYIATIEN
mIuInynIA (Particle Size) LagMANLARLYDS
TWIReuN1AATSUBULUAN uanalunsminisnszany
fawImeYNIA (Size Distribution) U8IASUBULUAN
uanafaguil 11 9nHan1TiTEinud eyanAYes
asuauwuan Juwneglutig 40-90 nm nsnsyany
é’hsuawmﬂaqmﬂL‘f]um'w\lgﬂizai’m’fﬁ YUINVD
sumamsusuLUaniinldlunedwesiBsuszneu
PMMA/PU/CB 8n51d31 80/20_3 phr wag 80/20 5
phr ATRAELYINAU 65 nm uay 62 nm AEIRU 9
ATIARALAREUTBINTIATLIABYNIADINAATY
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nngAnssuvesnsusuuuaniliagidueyaia
LﬁsaLLﬁiwa&_jLﬂuﬂduﬁ'au (Aggregate) 391193
YUY UATEIOUNALINITIATUINEIAAANTT
Aenann uazaziiiuldinileviinunmsiduasven
wuinifiutueymeaveunuinassauiudungy
Aowiiatu annsawsesinisnszaned (Dispersion)
Y939YNIAAISUBULUANTY PMMA/PU 1un3nd
16 g 1 amuvaiu 9 dw wasiudnueynia
soufinug 2.75 pslalasiuns S 3 nm
Ifuanuvuuiduduanisaensmninszatedi
(Dispersion) TateyMAASUBULUANRORLT 2.75
msellasiuns 99nA i 4-17 wudnisnszane
FYeIeYNIAAISUBLLUANTL PMMA/PU wvi3ndse
Huflvun 2.75 maslalasims Sasdiy 80/20 3
phr fdadewiniu 64 eyann Aadu 23 syae/
ms1alalAsiuns uardmstan 80/20 5 phr Anade
wiriu 76 aunia Aavlu 28 eyna/msidlulesiuns
fauHUsnunafueiveunudnistu rnumn
LL“LJusuadaummmi‘uaumﬁﬂﬁiaﬁuﬁ%Lﬁwﬁu WAy
agvuiuludnuazdunguriou

3.7 HavasUSutunsIRNA1SUBULUANABN1SNY
fiousInnsd (Flexural Strength)

AsiuANs veuLuanilnalinediues it
Usgnau PMMA/PU/CB ANNNSNUADLIIANGD
(Flexural Strength) KazAINITAIUNIUADUIIAR
38 (Flexural Modulus) Lﬁuﬁmmmﬁqgﬂﬁ 13-1
13-3 FeuaninediuesBeUsznoures PMMA/PU
§n3dau 75/25 80/20 uar 85/15 fiauisa
m‘%amawﬁugﬂL“‘fJuLLNuwaéLua%@aﬂizﬂau ithl
\iesnnansueunudnviuriifiiasuuse (Reinforce
Effect) Tifunediuesinmeiileliuseigaiundy
ﬂ"]LLNﬁﬁﬂﬁLﬁfﬂﬂ’]’ﬁL?{‘c’Jaﬂ’]WLLUUQW‘VTEju (Elastic
Deformation Stress) A13usuwUENinf
d9818u59 (Load Transfer Effect) vinlinediues
Feuszneuiiauamuldiiiuay esenaiueu



wudnifadulassneegly PMMA/PU wiving 3
viliine e fiesznouanunsagaduusadilesy
15Lﬁlusﬁu (Varela-Rizo et al., 2010, Tang et al,,
2012, Srivastava, 2012) usegiiuldinileusun
psuaukUEn TRl tumutuiundudon
(Aggregate) Lﬁawmmgmmanm%wauuué‘ﬂﬁmmm
dinszauwilu sy dunguiowiliaud@inig
W& (Reinforce Effect) anas ns1engunauves
AsusunUinIzilugasiunss vliAnnisuansin
ﬁu%nmf\;mif ATInunsAnasusuluan 5 phr
PMMA/PU/CB ndns1dudansiimnsvusiousan
seoglutas 31-00 MPa FsgeninunsguLes DOE
(111N 25 MPa)

3.8 HavaIUSHIUMSIRNATSUBLLUANABNNSAY
(Creep)
miﬁuLf]umsLﬁaamwmaﬁaaé’mﬁmmﬂnm
deTaneygneldusaiunsiiognsseiosiansanls
NAIAULATEA (Strain) 5’aaﬁéfmmwiamiﬁu
(Creep Resistance) laf ﬁﬂﬁfaﬂﬁ?uﬁmmmm%aﬂ
drlun1sUsznouwadifomnasieussdngs (High
Compression Force) auifunisananuduniud
nduranelurewwaditomaalunalisyavanm
vouadBomAgaty Fldvnaeunginssumsiu
Hon1sHiuLse (Stress) 1 2 wae 3 kPa Wievaaoud
gaungil 80°CLunan 120 wif wuh msAuduwali
dindudlo Stress geturiaweAiosuan PMMA/PU
LazwWedlues l@eUsenou PMMA/PU/CB lng
WoAe ITIUsENOUSHIEI 75/25 5 phriifnnisAu
Soway 0.23 0.40 uag 0.49 MUAIAU LLamé’fﬁgﬂﬁ 14
PINHANTIATIEN Creep Curve Tiuanindudiiug
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wudnuenaniiefivausinsi i lunedwes
HaLES T TS uan SIS uus e nszanse
FrumunisAvldaty Wiuldananuesenanas
ImEJﬂ’1m'7aigﬂwmaqmi‘uamwéﬂﬁﬁmmmLﬁﬂ

Uszunas 40-90 um nszaneadilusgludesing
5e9lAT99ANTBwuUaDA Y (IPNs) 989 PMMA
way PU wdwimihitdasneuss (Load Transfer) 910
anelgreanediuessuiionnainuss Van Der Waals
FEWI190YNIAAITUBUKUANTY PMMA Uag PU
(Tang et al,, 2012) Wiofionsanfiusudu 1 kPa
ANUASERgagailateundtfesay 0.3 aunsald
wedwesiBeUsznou PMMA/PU/CB LUu Bipolar
Plates lumadifounasld (Yeetsorn, 2010) usafu
AuArauAuldladanuduiusidudunss g
NIABUAUBIANNLAN-ANLATEA (Stress-Strain)
voanedlwes biidudunses 91n Creep Curve
fls Usingifiesnisauszezusn (Primary Creep)
fisnsimsauiiatuethesnidalussesdu mszuse
wWuy s lgnediuesiinn1sdnfieeniazn1say
szezfiant (Secondary Creep) Wugaefisnsnis
WasuuaseueSeansil Ingliusingnisuansin
nnsavluszeziian (Tertiary Creep)

3.9 NavaUSIIUNSIANAITUBULUANABAN
At v

audRfiddeyes Bipolar Plates 8nUsznis
wilswenwilenaudBidenafeaudinisualuil
{512 Bipolar Plates avdosihmihdiiihdidnnseud
Antuanufisenantaeluariusasnisueng
harlng msihliihvemedwesBsyneuy PMMA/
PU/CB tAnlsnneyniavesaiusunudnifouse
Auidulasergthladn (Conductive Network)
AN g Percolation Anstnlnivewediues
WUsENOU PMMA/PU/CB @31509ALELNRUS
AushsiauuSinamsuaukuanlAan Percolation
S-Curve L.Lamé'fqgﬂﬁ 15 91AA1TIATILANUT A
sl vesmediuesiBsuseneu PMMA/PU/CB
‘ﬁuag funms@enserureseyniamivouLudn lng
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116 Msarsivmsialuladiesiutsemea T 1 avuil 2 wguwnIpu-89nu 2562



TneUSunamesandusunudniiivasly PMMA/PU
wvidndluseiuiidosiigaiianansaiiansdeules
fuveseunalditiuasetethlnihiSent Percolation
Threshold Percolation Threshold 83
NoAWesWIUTENOU PMMA/PU/CB SiAuanmaneiuy
Wukaunananunilnvesansazanelouailosves
PMMA/PU 8n51d7u 75/25 TANgaiundingsanu
mmﬁmﬁmmmﬁgwaam%‘laq Ultrasonic 9%
aunsaueneymMaszivLlumnssmiuunduiou
Y89ANS UBUWUANLANKALENBRNNAULA (Ma
et al., 2010) wagn1sLAAlASITINMIVIBULUY
donlyivesnediuesidausyneu PMMA/PU/CB
dINARON1INTZINEAIVBIOYNIAAITUDULUAN
wedwesiwseneufiimievasmadalasehwentney
wuugenlyigan1snszatedeteunIARSUBLLUEN
Wulasevredr i lunediues @eusenouiin
FuldennimeswesiBissneviittesaznisiia
TAsaemndnenuuaen luien Wudeafunedwesi
fianudundnasasiivsawuneinadsevinaneld
Tnanagenisnssaefvesamsiaiuilniiindy
Igdfosnimedwesifianudundnd (Liao et al,
2008) Msnsynedidulassneiliihvesansueu
wuanlunedwesdssnaudinazyilimindudy
answdeuiivesdidnnsou dwalimnisurlvih
g wWitl@in Percolation Threshold vasnediles
WaUsenay PMMA/PU/CB 75/25 HA1d9n1n
dM31dU 80/20 Wag 85/15 ApUsunuA1suauLUan
WU 3 phr 2 phr 2 phr snuadu arnasuliei
nsilavemediwes@Usznau PMMA/PU/
CB yngnauilAasanviitiu 5 phr ail ilosann
Usinneynansususuiniifistusotiuildlfid
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fe wivSInaAsUsuLUEN LT wess Ay
naunou FauenanlaivilAnsilwifistuudn
mssfudunguiouresaiveunudnisdmali
audFidenaanasienafinanuuditned
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Uil 15 mnuduiusvosUlinunfueunudnee
AN1sintndines PMMA/PU 8nsndu

(a) 75/25 % IPNs 99.27 + 0.31 (b) 80/20 % IPNs
97.77 + 0.60 (c) 85/15 % IPNs 96.71 + 0.24
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