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® Paul Poast, The Economics of War. (New York: McGraw-Hill Irwin, 2006) p. 5.
¢ Emile Benoit, “Growth and Defense in LDCs.” Economic Development and Cultural Change, 26(2), 1978, pp. 271-280.
7 M.T. Hirnissa, Muzafar Shah Habibullah, and A.H. Baharom, “Military Expenditure and Economic Growth in Asean-5 Countries.” Journal of Sustainable Development. Vol. 2, No. 2, July 2009. pp. 192-202.

* Paul Collier, “War and Military Expenditure in Developing Countries and Their Ci es for Devel ” The E ics of Peace and Security Journal Vol. 1, No. 1 (2006), pp. 9-13.

° Paul Poast, The Economics of War. p. 5.

' M.T. Hirnissa, Muzafar Shah Habibullah, and A.H. Baharom, “Military Expenditure and Economic Growth in Asean-5 Countries. pp. 192-202.
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Thailand National Defense Expenditures Mil. Baths
2549 2550 2551 2552 2553 2554

National Defense Exp.
(NDE) 85,107.60 114,696.20 142,291.60 168,231.80 153,543.80 168,318.80
R&D on Military
Equipment 75.00 626.40 247.20 177.00 687.60 1,102.20
R&D on Mil Equip. % of
NDE 0.09% 0.55% 0.17% 0.11% 0.45% 0.65%
NDE % Change YoY 9.04% 34.77% 24.06% 18.23% -8.73% 9.62%
Total Expenditures 1,360,000.00 | 1,566,200.00 | 1,660,000.00 | 1,951,700.00 | 1,700,000.00 | 2,070,000.00
NDE % of Total Gov Exp. 6.26% 7.32% 8.57% 8.62% 9.03% 8.13%
Gross Domestic Products 7,786,200.00 [ 8,399,000.00 | 9,232,200.00 | 8,712,500.00 | 10,000,900.00 | 10,650,960.00
GDP % Change YoY 8.22% 7.87% 9.92% -5.63% 14.79% 6.50%
NDE % of Total GDP 1.09% 1.37% 1.54% 1.93% 1.54% 1.58%

"' Paul Collier, “War and Military Expenditure in Developing Countries and Their Consequences for Development.” p. 10.
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Frederiksen (1991)" /
Chowdhury (1991)" /
Kusi (1994)"° /
Hirnissa, Habibullah, and Baharom /
(2009) "

"> M.S. Habibullah, L. Siong-Hook, and A.M. Dayang-Afizzah, “Defense Spending and Economic Growth in Asian Economics: A Panal Error-correction Approach.” Munic Personal RepEc Archive Paper. No.
12105, December 2008. P. 3.

" C. LaCivita and P.C. Frederiksen, “Defense Spending and Economic Growth: An Alternative Approach to the Causality Issue.” Journal of Development Economics, 35,1991, pp. 117-126.

" P.C. Frederiksen, “Economic Growth and Defense Spending: Evidence on Causality for Selected Asian Countries.” Journal of Philippine Development, 18(1), 1991, pp. 131-147.

A Chowdhury, “A Causal Analysis of Defense Spending and Economic Growth.” Journal of Conflict Resolution, 35(1), 1991, pp. 80-97.

' N. Kusi, “Economic Growth and Defense Spending in Developing Countries.” Journal of Conflict Resolution, 38(1), 1994, pp. 152-159.

M. Hirnissa, Muzafar Shah Habibullah, and A.H. Baharom, /bid.



] 1]
~ o A

20 NIANFINMIUBETe0IMA YN 7 210N 7 wgATneu 2554

= <

' I Y Y1y gy s o A Y 2 & a 9 Ao
ﬂﬂ'Nllﬁﬂﬂ I,Lll'ﬂﬂ'liﬁlalf%'lﬂﬂ'luﬂ'lﬂ/l1’7'13ll']@]i]‘l]i%?f\?ﬂﬂaﬂlWﬂﬂ’liﬁﬂ@ﬂuﬂi%Lﬂﬂ “ﬁﬂ!ﬂuﬁUﬂ'lﬁTﬁ'lﬁﬂ!gﬂﬁﬂ
o & Y o YA o ' Yy Y w & = o Y Ao Y o o ' & ' Y

ﬁl'llﬂu@]ﬂ\ﬁ]ﬂclﬂﬂﬂﬂ‘ﬂﬂﬂ']')ll'.l"ll'N@]u ?’Nuuﬁ]\1%'lLl]u@‘lfNV]5?9%3(5]EN%ﬂﬁ'ﬁi1’]iWfJ'lﬂi'U']\?ﬁ'Juvlﬂlﬂuﬁ']Uﬂ'lfJﬂ']u
v

A

' ga Y o Ao & , & o R g YUa P o v

Mg oe 1 lsndiive 1inswensnvadass llilusrenedumsnmsiuaisdiialdinalss Temigeganediu
MsnvdumstlestulsymanaznansenUATUIATHFNY

v & v o @ ' ' A a a A P a

auiuglunuanuduiusszninetieaumsnmnstagmsesgau lamassugnonielseasduiniga
= 1 < v o @ A 24 A v QY1 Y 2 2 o q ¥a A a
vaezidluanuduius luuuuanie nanae ¥insgldneanumsnmsiugaruazi inamsnTg@y Tanig

a A a a da 2 & g & Y o ¥ v A o
wsygnatazmsnsyau lamaasygnonmavuiufszidunaldininernsunldniedrunmanmisinedl

v Y
anwansalumstlessuilszmeminuniuae U luouan

o v ¥y Ay a o o ' P
!!u'J‘VHQfﬂiﬂilﬂl?Qiﬂiﬁﬁ§1\u!a$!!u3“1\1ﬂ1§1‘”‘ﬂ1ﬂﬂ1uﬂ1§ﬂﬂ1§!Wﬂﬁﬁ1\‘]!!ﬂ$!wuﬂg1uﬁuwuﬁi514'31\‘”“561‘“‘5”8]

Y a a a
ﬂTIr!i’ﬂi7]1115!!ﬁ$ﬂ1§!‘iﬁﬂl!ﬂ“lJTﬂ‘VIN!ﬁiHﬁﬂﬁ]mﬂﬂﬂix!‘n?ﬂ‘ﬂﬂ

wininsangIzaums Igemuminmsveslszmaine laserdes ovazveasion1eaunsnmsae

a o J = o ' Y Y EY
Wﬁﬁﬂm“ﬂlﬂﬁi’JllﬂTc’JGlullng?ﬂli’)\iﬂigmﬁvl‘ﬂ8%3WU31Mﬁﬂﬁ3Hﬂ§1u3$ﬂUﬂ?J’L!GUNM?JEJ Tﬂﬂﬁnﬂimlﬁﬂﬂqﬂiu

A15199 3
M13199 3 $P8az VeI ENMUMINMIIRORANTasIUIaTwMelulsemave Ing
?_] 2533 2538 2543 2548 2549 2550 2551 2552 2553 2554
Fouaz 26 28 1.7 2.4 1.09 1.37 1.54 1.93 1.54 1.58

11: SIPRI year book, various issues. 118 §119n911U 52018 www.bb.go.th

q' ] Y1 9 ¥ o = vy " a o ¢
1nA15 19 3 szru landeyadounasliszinm 20 I s1e9rwaumsnmisves Insaendndusiuiasw
molulszmeeglusyanliiuiosas 3 nazdiganlszuimiosaz 137 msndszmalnelidadiusieniedu
A o ¢ ' o 1y oy g 2L do gy o w an
manmsdenaafanulIasumelulssmaeglussavaoudnaiostiverniluaurguianiliisddynisada
v o J T 1 a a a [
YoIANWAUTUF5ZNINT 189 18A UM INIs Az M3 YAy Tamaassgne ludamy
v a gy I Y A YNy (& Ao 1 vy a3 '
moldnguduanuiulyldlumswda doldnlsovvesmsniidadiusieireaumsnmsiiusiene
A a a o VoA o o o ) 4 o o VA
iemanaausmMsmstlesnulszmanenaasusiniasiunelulszmaluszauaeudradealofouiuiienieie
a a 9 a | I A A Y1y &4 a o a & a v o
HARAUALAZUTNMIAIUBY 9 NAD MU IFT R IuMsNmIseRaaUs Mo UsTgMsnasumMsTesiu
' F4 ' v 1
Uszmsniugeiu szlionsimsnlasunilasmsnandiniiiy (Marginal Rate of Transformation) #309n1enileszina
Inovgiidunuands Tomalumsiiusienediunsnmsionaausmaioussgmsnasiumstlostuilszmasd
118 nannelasedemssaassnsne1ns v (Reallocation) ¥1niszmea lnsaansnensnldlumsndadum
uazuIMsdu q ldadusendaduaiviasiunelulszmags nldkdausmaiemsussgmsnadumsileadiu
a_ |a a o ' R " A v a A o VoA v
Yszma zansandalsuausmsainarmuiu launnlsnaduiuazusmsdsznnau q dainaniivzdes
A A A A A o ' " oA o ¢ <
anag danfanarsanlunsaindesmaiudadiusietiedumsninisaenandusiuiasiunielulszmenaoe
1 @ 1 Y @ a g o Yo & 1 = a a a A = :/I Y
s18918f9nandesmivayumsnadumstesiulszmalddusedndilszansnanazsz@niam 8 nisdes
a = v Y a 1 Y Y 9 Y = 1 1 a @ I's
wasandeileteauasugnaae 9 are mslEneaiumsniisdes ilidadiuaendadusiuiasmelulszma
A ' ] A 2 A A A ) o Yy =R o
guiuldmsizezdaimalimamuiuvesdsuauimaieussgmsnadiumstlesnuiszmadesaamsneins lums

panduAazuInIaudu 4 nlFnnaunsenuaeszumasugiwarmsniyanTanussygnaveslszma


http://www.bb.go.th/

NFAIINMIMTE01MA VN 7 UN 7 ngaTnon 2554 21

' k4
Tag321 1Az gATIONISANTIOTIBR UM TNIITONINANTZAUMSUIITUAL TUD 1T IWNINTZAUMTIAATIATIN
miliesdergnsznudemsni Ay lamansygn luionga
v A VY A ' S o o dA 1 dqy Y1y
lidnlszmalneaziiusreniearunisnnisnie lu dszidudrdgnae uvasinld ldvesnsl41odu
MInmsuazurasinveaiusudszanams ldemumsnig Tasvinuesnmeldnse s ugmansunaiandl
Y 9 1 Y a a A Aa 1 a Aa a 3y A v
m3ldnedumsnmsernszdwaliifanaisuinnionaiiauaemsnayay Tanuasegnan 1a n1sldaedu
9
MINK59ABINNT RS ouioUsE M IINANTENUMAITILINYEINS 1118 TUNMTNMITTINNIHAVDIAIYUNI
IRTHINY LAZNANTENUITIaUYRINAveILrasnuvewUlsznaiazii ) 1dedunsmmsienszaelviie
4 4
Hgvmiiasisue msindrnieaansasmuuazms l9n1evesmanyuniedus InansemszRudutazasniie
4 9 o Y19 ' Yy A = A a a a
nrzaosiszlueuina myldnedumanmislundaz Iasansszdosinsandalscansnanazscanson
Y a o Y a Y a v 9 o @
nugumsnimstesiulsmanazausasygnaniugiull TasnsiiasanIasinsdiums niisezdestig
uilsinerfumsaeuauesmsniasumstlesiulszmanaznszdumsnTadv Tamauasygnannnsandle ms
1 ~ a a a a a a ~ 1 g [l
1¥edumsnmsizdesiidszaninauazalsz@nsnmluFinsnanaz i ianuduamasssgmans gaga 13w
1 A < @ @ 1 A 1
mslFedumsnmisidnanase Iaidumsiauminensuysd uazmsldnedumsnmsieedinans gny
a 1 a IS
MouenFuInaosugne lunmsu Wudu
e~ o & ad o Ao A =] Y1y <
Fmsnumsgatiuiuiinsmstlesdulsamananganianil nuanems dsedumsnmsnanio
aduayuuuImumiga ldna1eds Tasuenainismsganiamsnmsuds msldvdnieunemsnmsaoln
' ' 3 : A A A ' o
U MITVIIN Magmssunan niudauuamenislumsiulszaniamlumslgnedumsnms msvgiaun
v a o "o o o & o A wa Ao "o
waniounamsnmsadelwiiu nenessinduudesimuszuvunsdfianms itindedroiluguinais
22 o v 1 an : 2 4 : . o 2
(Network Centric Operation: NCO) atim3 14ideriuismssusmuazsunamimiuanuiauiosz nitanowinis
1 1< @ 1 o o w 1
molullszmauazszrnalsama deilumsAueidnonmgegavessaznosinesnun 1y aghammsnnuaag
A v < o w 1 dgl A @ 1 4?}
Uszmaiieswiunsznaroiunesiidevuia lvguiniu Slaanuannsalumsestuilszmedie q gaiv ms
9
1 [~ @ @ % o A o a
Ansusamazsurauduiumsianninez lumssuvesnesinuesilszime lne uonviniumsiiusiasnig
v o @ [ = % % [l a 1 a a
MIN1360duNINA18ANNNAAUIINMTUANTUAL HUD1FONN NN HIFILAIHATIVINADN 1T QAL TANa
v k4
wingnv luiiga msldedumsnmisgegnislnsaininanlsunazdinaniznuFavdomsniyanTang
a = @ a @ 4 @ s
wingnamszdszma lnovzdesgaudoninens luglvesiusudszana lifsalsemmnenaniugnsdnsain
v & A 4 s ' a . ¢ o
Aoams uennniumsndszme Ineiamgnsdnssinnaalsemaeruianadoaognsmaasmstlosiuilszmea
' A a Y} ' o 2 v ' ' a o v
wu ieianzasns el liansnsamgnisdnsaiunldnenvzdiwanenisnamsilosiulszmald 9
o = o @ [ 3
aunadedulsznalnedsiuludesdinswaut gaamnssutlosiuilszime (Defense Industry) 9819 5nA15ZMer
Ineluilagiuds iannsondngnIsUnsaia q Aldaanumunsaluszdugald viedwaaldern litinnwduan
a < a A e o A ' '
lumswaa nesnnnelszmalnedeusudunnminangn IsdnsaindszmaInelignonmlumsndaldnou 1w

'
o

o ~ & 4 v o . 4 A wa {
Tagazidia el TeenTzgU T0oUAIINUNTZEY OIUMNHUZFIOTU gaInTo U DU TAMIN NS 1ToINT 12
o ~ o o A A A Y LA Y
ﬂUﬂixqu AUIIDIUITATIHIUNYIT IATOINDADNITNIWNITNUT HJHGIH G]i\?ﬂ’f)!.l]uﬂﬁ'ﬁiNiZ'ﬂ‘UQﬁlﬁﬂ’iﬂﬁﬁN
ﬂmﬁuﬂssm ALUUTNINIAUID (Self-reliance in Defense Industry)
o o o Y~ o ) v v o
ﬂ"lﬁ‘WﬁHuTQﬁZ‘T"I‘Vfﬂiﬁ'lﬁsji‘)Qﬂu‘]J531!,1/]ﬁ‘uui]3Glﬂﬂllﬂ?iﬁﬂ‘]eﬂuu?juﬂﬂ'ﬂllﬂﬂﬂﬂ"liﬂ?uq‘l/l}ﬁﬂﬂimﬁluf’JHWﬂﬁ

ensauluFgadimnssuezannsonovausIndudesnisvedlszmalnenazarnlszmalusuinag

@

:/I = A g @ aw @
uaﬂmﬂuuﬁmzéfawuiﬂmﬂuazwﬂnmnmLﬂumiauuﬁuumm%ﬂuazwmm (Research and Development:

B

9 @

A A 9 @ A A @ = a A
R&D) “I/ILﬂEJ’JEU?J\iﬂ“]JQGIfTTHﬂ’iillﬂ"luﬂWi‘ﬂﬂ\‘lﬂuﬂimﬂﬂLW?J‘V]ﬁ]%WGM‘HW“Uﬂﬂ’ﬂﬂﬁnl"liﬂﬂll‘!ﬂﬁNa@]q‘ﬂiﬁﬂﬂim y



] 1]
~ o A

22 NIANFINMIUBETe0IMA YN 7 210N 7 wgATneu 2554

v 9 F '
AusIougngatiu uenaniudesiuleuohaailymaelassavasaivayulfionyuauiod wwdanioswnan
X -4 2 & A A a a ¢ a }
gnIsilnssiang q ldundunazdiediu agez lailumaiulsgansamlumsaangn IsUnsaiane q Bananils
Aa 1 a a a 1 [ I a
HANTTNUIFIUINANIsT AL Tan1uassgnvveImsHalLIgaaIMAsTuMstosnulszimanie n1skan
S Ao & ¥ v v I o ¥ S o ' ' g A
gnlsUnsaiane q Aduiludesldeslatiaziflumsaamsindign Isdnsainenanninalelszma uonvntiuiie
a Y = Y v Y o a A ' o Yy 2 a A
usoraa ldmsanefuaNudeImsudldaannsananiionsaesn lldwnalsamalddnde Fansnaniiean
o a 4 1 3| a 1 a a a os;I ]
maiwdwazraaiemidsesnizilunansznuluFiuindemsniaau Tamass sgivuesszmea Ine sialuud
manasuiensneInssznINdszme mananIdeau tagiiuyusianinyzmsiinuvewssaululsgme
a10 ansznUFIuInaemInsgau Tamaasygniondszms 1dun wandavingaamnssuilosiulszma
' ° o a A Y o Y ) A a o @ Yo A
1199819919111 I wWannTuFanaivduazueldunenyuina 111d wu dedwianaydmsulsdadunsoauy
Ugianmsmanmisen lasumsiiauuagtinn ¥ lugaamnssuaiosjsuvesiszmald
o v vi_ oy A Yy Y v o q ¥
1nmMsIalassadaazuuIniams leaedumsnisnaanundivady azausaim i Uszmalne
Ea
amnsaussgmsnananaiumstesiulszmaedieiidsz@ninanazdseansam oniesreniemiumniigy
1 a Y =Y a a a ' Ao o QA A 1 Y
dawansznuFvanldlsznalneimsnigavuTanuasugnaae 1l lueuine Nddynae esietiediu
' a ' a Y = A o Y A vy T {
MINMTEINaEIUINaoAsygnaveslszme Inouds Velmaramivayulfimusiediedumsnms inuiulu
Thudsznmde q i dremqrarieriiniannuainsalunmsdnilesduuau $3aveszansu anuidanania
Y '
IATHgRIv095T Hazesi lnovessy SnuneduaiulfimsugnrvestsumalnelimsnTady Tade lud w19
' ] o £ 3 v o A A KX o o ' v v
neaumstlesiulszme Fznareuiginsnduaiudgidunaziuszninemsldiedunmanmsuazns
wiyau Tamaasygnouiouse 1l lueuina
as1
o 3 A o v Ao v o a o Y 1 ~ Y1 v
mstestulszmailuasirdrdgnigezdesdniumsialiiegodsiaiissnoansanal mildiiediu
< L A a 2 N ) : A
msnmssuiluseieninaiuegaasanaramitauoruiu daiumnms 1¥9edumsnmisussgasnalums
1% = Z 1 a 1 a a a & a a = @
HestulszmednisdanansznuFiindensnigan Tamausssgio uaziowsugnadu Tanimsaivayuld
mnseeaumsnmsiemudnsnmlunmsiesiulsamauanszdumsnsyaulaveuasygnase 1 dousy
I A A= s o o g1 v a a ' a a
Wudannalszasagegadivsulszma  msldnsaiumnmiseniinansgnurauinaemsnigauIanig
a 4 1 A 4 a @ a @ @
ATHFNAHD1NI 1F0A UM INTNUGUAIRTIVVDUATHTNY NAVOIFINUMUATHFAD MINAUINTNEINT
o 1 a 1 a a a =~
YYBE MIAINANTENUNBUDNFIVINABIATHENY 1AUTIN LAZHAITILINNIUATHFNDINANZ AT 0T 0oVDS
szind
' I Y v o ' A ' a a a Y 1 o A
pg1elsnamsldnedumsnmsiiendwwansnuiauaemsniy@u lamussugne Iaguduilonn
Y 9 a9 =) a a v o 9 L4 [
My lFnedmsnmsidunuandsToma msgadouaulszun ) dumsiudign TsUnsaianaasems
Y '
Pavmilassuzuaznaveinsindnioaansasnuuaz 19910vesmaenruriodus Inaimaainuvadu
wilszinai g ediumnms msazanen}s tazansnaiiesnagnsznuaemsnsyau Tamasasygnalu
= a 9 ) iy o y A 2 4 \ A
nga  lunsdlvesdszmalnoudnlaseadumslgniedumsnmsaziinun Tdunniusos 9 uaniniinsan
wsuneumslgediumsnnisdenansasiviasiunmelullszmasznunisaidiuluszduneudiaios
Z/‘ 1 9 Aaov @ o @ l [ (;
wenaniua 41 lumsiteuaziaungnisUnssivesdszms Inediegluszaud
awv 1 1 @ @ d Aa 1 1 a a
HAMIANETIIEAN  WuNANUFURUTIFInguaskaszrnems I edumsnmsuazmsnsgay Tani
a "o ' S ] A 1 a ] Y v
iwspgnvvedszme Ine lidanu ed19lsna Inssafraaznumuivgdadiuldmsldnedunsnmsussg

a v Y ] a a a Y £ A
fﬂiﬂ"l]@nuﬂ"liﬁﬂ\‘lﬂuﬂﬁzlﬂﬁllﬁgﬂigﬁﬂufﬂil"l]ﬁiUUl@nJI@W]"I\uﬁiﬁiﬂ"ﬂmﬂ\iﬂiglﬂﬂulﬂﬂ Vlﬂ LN ﬂ151%13ﬂ1ﬁﬂ1ﬂﬂ"liﬂ



NFAIINMIMTE01MA VN 7 UN 7 ngaTnon 2554 23

Usznealnefinesiedmmsnmsaoudieii Tasmsiiums 19 mmsnms msfinsanmswavesns1Fiedn

mInmstazinumurssgiulSeufsufunansznuidauvemavesunasiinvessulszinuiiozii 1195

AumInms Yszaniruanazdlseaninmdumsnamstlessulszmsaazduasugivveslasansas q msly

ABMInumMsgatazantoun1ansnmsadelud 50 0135050 1Az MITUNAN tazgANIgAeNITWAU

aaamnssumstesiusamamitoaamstiugh duaSunsdsesn nazifaingammnssudu 9 lumaenw

wnms e mmsnmsfigatumstedumstosiudsamaiundnerdonna Taseadaazuuamans

I¥aenmina1anudadhedu msldsedumsnnsvesszma lnefvzanmsavssgmsnadiumsesiy

Uszma wiouarzdananssnuFanond emsns i Tamaussgisvesszimd Fazdumsldninensves

Uszinaedaiidsy Tenigagea uazwammﬂmﬁtg@uTmamﬁygﬁfnﬁfu:fchwa‘"’lﬁ’iwiiwﬁ'mmiﬂmizﬁnqqﬁu

dewiuiginsdeluizes 4 luewian

UIIUIUNITN

[1] Anderton, Charles H. and Carter, John R. (2009) Principles of Conflict Economics: A Primer for Social Scientists.
New York: Cambridge.

[2] Benoit, Emile. (1978) Growth and Defense in LDCs. Economic Development and Cultural Change 26(2), pp. 271-
280.

[3] Chowdhury, A. (1991) A Causal Analysis of Defense Spending and Economic Growth. Journal of Conflict
Resolution 35(1), pp. 80-97.

[4] Collier, Paul. (2006) War and Military Expenditure in Developing Countries and Their Consequences for
Development. The Economics of Peace and Security Journal Vol. 1, No. 1, pp. 9-13.

[5] Frederiksen, P.C. (1991) Economic Growth and Defense Spending: Evidence on Causality for Selected Asian
Countries. Journal of Philippine Development 18(1), pp. 131-147.

[6] Habibullah, M.S., Siong-Hook, L., and Dayang-Afizzah, A.M. (2008) Defense Spending and Economic Growth in
Asian Economics: A Panal Error-correction Approach. Munic Personal RepEc Archive Paper. No. 12105,
December pp. 1-22.

[7] Hirnissa, M.T., Habibullah, M.H., and Baharom, A.H. (2009) Military Expenditure and Economic Growth in
Asean-5 Countries. Journal of Sustainable Development. Vol.2, pp. 192-202.

[8] Krugman, Paul and Wells, Robin. (2006) Economics. New York : Palagrave Macmillan.

[9] Kusi N. (1994) Economic Growth and Defense Spending in Developing Countries. Journal of Conflict Resolution
38(1), pp. 152-159.

[10] LaCivita, C. and Frederiksen P.C. (1991) Spending and Economic Growth: An Alternative Approach to the
Causality Issue. Journal of Development Economics 35, pp. 117-126.

[11] Musgrave, R.A. and Musgrave, P.B. (1973) Public Finance in Theory and Practice. United State of Amarican :
McGraw-Hill.

[12] Poast, Paul. (2006) The Economics of War. New York : McGraw-Hill Irwin.

[13] Cornes, Richard and Sandler, Todd. (1996) The Theory of Externalities, Public Goods, and Club Goods. United

State of American : Canbridge University Press.



MODELLING THE EFFECTS OF AIR FLOW, AMBIENT
TEMPERATURE AND RADIATIVE BOUNDARY CONDITIONS IN
COMPOST PILES

T.Luangwilai', H.S.Sidhu M.I. Nelson and X.D. Chen

ABSTRACT

This paper considers the self-heating process of a two-dimensional spatially-dependent model of a compost pile. This
model incorporates terms that account for self-heating due to both biological and oxidative mechanisms, and consists of mass
balance equations for oxygen and energy. The effects of: air flow through the pile; radiative heat loss at the exposed boundary; and
ambient temperature are examined. It is shown that the velocity of the air flow and the ambient temperature are crucial factors in
determining the critical conditions in the compost pile. The air flow acts not only to supply oxygen for oxidation reaction within
the compost pile but also to cool the pile. For intermediate values of the flow rate, elevated temperatures can be achieved by a
moderately sized compost pile. However, it is shown that this gain in performance is counteracted by the possibility that, during
hot days, this compost pile will experience temperature increases close to those which can cause critical spontaneous ignition. it is

also shown that the inclusion of radiative heat loss at the boundary has very little effect on the overall dynamics of the pile.

INTRODUCTION

Industrial compost piles contain large volumes of bulk organic materials and, typically, two sources of heat generation:
the oxidation of cellulosic materials; and biological activity (Rynk, 2000). The first of these represents chemical heat gene ration
and may be modelled by a single Arrehenius reaction (Bowes, 1984). Biological processes that lead to heat generation include the
growth and respiration of micro-organisms, such as aerobic mould-fungi and bacteria. This biological heating, which occurs at
lower temperatures than oxidation, may increase the temperature to a sufficiently high level to kick-start oxidation reactions.
Biological heating is known to be important in large-scale composting operations (Rynk, 2000) and in the storage of industrial
waste fuels, such as municipal solid waste and landfill (Hudak, 2001). Indeed, in composting, self-heating due to biological
activity is desirable (Brinton et al., 1995).

Biological activity is known to work efficiently in the elevated temperature range of 70 °C to 90°C which can occur
within a few months or even a few days (Hogland et al., 1996). It has been recognised for almost thirty years that “...biological
heating may be an indispensable prelude to self-ignition” (Bowes, 1984:737). However, mathematical modelling for investigating
the spontaneous combustion of compost piles due to biological self-heating is very limited.

Sidhu et al. (2007) investigated a spatially-distributed model for biological self-heating with oxygen consumption but
without air flow. Luangwilai et al. (2010) extended the latter model by including air flow through the compost pile in a one-
dimensional model. The current investigation extends this latter study to a two-dimensional model with air flow. The size of the
compost pile is used as the primary bifurcation parameter and the air-flow velocity as a secondary bifurcation parameter. In this
study, the effects of radiative heat loss at the boundaries and the variations in the ambient temperature on the heating process in

compost piles are also investigated.
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MATHEMATICAL FORMULATION

For simplicity, the geometry of the compost pile is assumed to be an infinite trapezoidal slab (i.e., an infinitely long
slab) with thickness (width), L, and height, H (Fig. 1). This type of configuration is widely used in both coal and compost models
(Akgun & Essenhigh, 2000; Fierro et al., 2001 and Moraga et al., 2009) and is the most common configuration in industrial
composting. From literature, the industrial compost pile size can vary from 6 — 30 m for both height and width, and a few hundred
meters for length (Haug, 1993; Riggle, 1996; Rynk, 2000; US Today, 2007). The angle on the base of the slab is set to 60 degrees
as in the coal model of Kraj Ciova et al. (2004) and the depletion of cellulosic materials and biomass are ignored. Inter-phase (solid
particles and gas) temperature gradients are ignored and a single temperature is used to describe local behaviour, i.e., the compost
pile is assumed to be at local thermal equilibrium. This is an assumption commonly made for porous media and packed particle
beds (Nield, 1992). We believe that the effects of temperature gradients and the depletion of cellulosic materials and biomass are
negligible for large compost piles for the range of temperatures considered in this study.

As a result of these assumptions, the mathematical model contains two equations for the distributions of temperature and
oxygen within the pile. For the single-direction air-flow analysis, It is assumed that air enters from the left boundary, moves
through the whole pile and exits at the right boundary (Fig. 1(a)). For the work on two air-flow directions, the flow pattern shown
in Fig. 1(b) is assumed following the work of Fierro et al. (2001) who applied such flows to coal piles. The stream function
approach is used to model the air flow in this case. We assume that air flows into the compost pile from the left and right
boundaries by natural convection. As the temperature within the pile increases, the air flows up and exits the pile from the top
boundary (Fig. 1(b)).

Moraga et al. (2009) and Escudey et al. (2008) showed explicitly, from their experimental data of a sewage sludge pile,
that the model developed by Sidhu et al. (2007) (i.e., without air flow) provided reasonable predictions of temperature incre ases
within the pile. Since the present model extends the work of Sidhu et al. (2007) by including air flow, it is believed that the current

investigation illustrates the trends when the flow of air is included.

Y Y
A A AT/dn=H,__, 0,=0,_, AT/In=0
aTl{an: Hh:ls-sJ 02= 023
T/dn=H,., dT/én=H,.., OT/dn=Hpgq OT/On=H,q,,
0,=0.,, 0,=0,., 02=0;., 0,=0,,,
) N OV /in=U O/ in=-U
H Air-flow direction H|¢ / \
/ Air-flow direction
60" Adiabatic 60" 60" Adiabatic 60"
&1/0n=0, 00,/on=0 > X a1/0n=0, 00,/cNn=0, T=0 > X
L L
(a) (b)

Fig. 1: Schematic diagram showing cross-sectional geometry of infinitely long compost pile and corresponding boundary

conditions for: (a) single air-flow (and no air flow); (b) convective air-flow directions.

The governing equations for our model are as follows.
Energy balanceon 0 < x <L, 0<y<H:

or oT T
(p(j)gﬁ”g - keﬁp(y +$) _gpaircair((]x

a—T+U
ax y

) +0.0-e)pcAOsexp

_ EC
oy 1



26 NIAIINIMIUTEMA TN 7 RTVN 7 WeAIMEU 2554

- E
4, exp( RTI)
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Oxygen balanceon 0< x <L, 0<y< H:

00, 0’0, 820 80 —E
0, ex <
at oeﬁf( &xz ay ) ax 2 p(RT
Laplace’s equation of the stream functionon 0 < x <L, 0< y <H:
0° 0°
L ‘/2/ =0 3)

ox’ 6y

Algebraic relationships
eﬁ alr_|_(1 8)kC (p()ej/ ERS azr+(1 8)((";2(?6‘ and oeff d)oau )

The terms that appear in equations (1) to (4) are deﬁned in the nomenclature. The physical parameters are considered to
be independent of temperature and oxygen concentration. The second terms on the right-hand sides of equations (1) and (2) model
the flow of air through the compost pile. The heat generated by the oxidation of cellulosic materials is represented by the third
terms on the right-hand sides of equations (1) and (2). The heat generated by biological activity is represented by the fourth term
on the right-hand side of equation (1); such an approach for modelling biological activity has been used in a number of models for
solid-state fermentation processes (Khanahmadi et al., 2004). The parameters 4, and E, in this equation model increases in the
metabolic activity of the biomass with increasing temperatures in the ‘low’ temperature range. At sufficiently high temperatures,
the essential proteins, which are sensitive to heat, begin to denature, thereby leading to cell death. These processes are re presented
by the biomass deactivation parameters 4,and E,. To ensure that the heat release due to biological activity has a global maximum,
the activation energy for the inhibition process must be larger than the activation energy for the biomass growth, i.e., £, > E,.

Detailed formulation of the term representing the heat generated by the biomass can be found in (Chen & Mitchell, 1996).

For the case with no air flow, UX=U} =0 in equations (1) and (2). For the case with a single air-flow direction, the value
of U, is defined and the value of Q _is set at zero. However, for the convective air-flow case (two air-flow directions), equation (3)
is included. The air-flow rates at the pile boundaries are defined then the stream function is used to determine the air velocities in
the x and y directions within the pile (Naylor, 1954). The air velocities in the x and y directions for this case are defined as
UX = 6‘1’/ 6y and Uy =—5“I’/ Qx. The boundary conditions used in this analysis are specified in Fig. 1 and are explicitly
given below.

For the cases with no air flow and a single air-flow direction (Fig. 1(a)),

6776/120 and 602/61=O at the base of the compost pile and
817 61 m' and Q :Qa at the other boundaries.

For the case with two air-flow directions (Fig. 1(b)),

6776/120 6@/61:0 and =0 at the base of the compost pile and
87781 o Q ZQH and 6{761=U at the other boundaries.

The heat loss term, I{l

H ——(hn(T—Ta)-l—aeR(T—Ta))/keff, (5)

is defined as

loss
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and has been used by Hull et al. (1997) to model the heat loss at the boundaries of a coal pile and consists of two terms: (i) the
convective heat loss to the surrounding area; and (ii) the radiative heat loss from the pile. The initial temperature and oxy gen

distributions within the pile are assumed to be uniform and equal to the ambient conditions.
NUMERICAL SOLUTION

In the next section, the results from the numerical investigation of the governing equations (1) to (3) and the

™
corresponding boundary conditions are presented. These are obtained using the software package FLEXPDE  (PDE Solutions

Inc), a space- and time-adaptive finite element package, in order to determine the steady-state solution by solving the time-

™
dependent equations. Due to FLEXPDE ’s adaptive nature, both time and space errors are minimised to a relative error tolerance

of less than 0.1%. The results obtained are verified using the method of lines (Schiesser, 1991) in which the governing partial
differential equations (PDEs) and boundary conditions are transformed into a system of ordinary differential equations (ODEs)

using finite differences. The method of lines is coded in MATLAB (MathWorks Inc) so that an efficient ODE solver can be

™
utilised. The results obtained using FLEXPDE and the method of lines are found to be almost identical, with the maximum

steady-state temperature difference being less than 0.5 K. These two methods also predict the same values of the bifurcation
parameters at the limit point bifurcations. In the presentation of results, only the stable solution branches are shown as the
numerical integration of the PDEs does not yield unstable solution branches. The parameter values used in this investigation are

based on those used by Sidhu et al. (2007) and are provided in the nomenclature.
RESULTS

The results for the simplest case in which there is no air flow through the compost pile (U, and U, equal zero) is discussed first. For
simplicity, in this section, it is assumed that there is no radiative heat loss at the boundaries by letting the emissivity o f the pile, &,

equal zero. As a result, there is only convective heat loss at the boundaries.

450

425k

400 |

\Elevated Temperature Solution Branch

zso|l AR — .

R B e

Maximurm steady-state TemperatureiK)

50 100 150 200 250 300
WWidth of compost pile{m)

Fig. 2: Dependence of maximum steady-state temperature within compost pile on width of pile for case of no air flow through pile
(LLP - low-temperature ignition limit point and ELP - extinction limit point). The horizontal dashed line indicates the temperature

when compost materials generally ignite.

Fig. 2 shows variations in the maximum steady-state temperature within the compost pile as a function of the width of
the compost pile when there is no air flow through it. There are two stable solution branches: low temperature and elevated
temperature. On the low-temperature solution branch, the maximum temperature within the pile varies from approximately 298 K
to 308 K. This temperature range is undesirable for composting as it is too low for decomposition processes. The low-temperature

ignition limit point (LLP) occurs when the compost pile width, L, and the maximum steady-state temperature are approximately
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29.9 m and 308.2 K respectively. If the width of the compost pile is increased beyond 29.9 m, the steady-state solution ‘jumps’ to
the elevated-temperature solution branch.

The critical point on the left-hand side of the elevated-temperature solution branch is called the extinction limit point
(ELP). If the width of the compost pile is reduced beyond that corresponding to the ELP (in this case, the value is approximately
17.0 m), the solution ‘drops off> the elevated-temperature branch back to the low-temperature branch.

Between the two limit points (LLP and ELP), there is an unstable solution branch which cannot be detected in our
numerical scheme since the integration of the PDEs (1) and (2) with the associated boundary and initial conditions cannot yield
unstable solutions. As a result, the solution branches appear to be disjointed.

In the steady-state plot in Fig. 2, it can be seen that, at the beginning of the elevated-temperature solution branch, the
maximum steady-state temperature within the compost pile increases rapidly as the width of the compost pile is increased. The rate
of the temperature rise decreases significantly after the maximum steady-state temperature reaches 410 K. This makes physical
sense since, along the elevated-temperature branch, both the oxidation and biological reactions generate heat. However, once the
maximum temperature becomes sufficiently high, the contribution of biological self-heating decreases as the micro-organisms start
to die (or become dormant). The contribution of chemical heating also decreases as there is insufficient oxygen within the pile. As
a result of these mechanisms, the rate of change in the maximum temperature is dramatically reduced.

When there is no air flow, the steady-state diagram (Fig. 2) possesses two notable features. Firstly, the maximum
steady-state temperature on the elevated-temperature solution branch gradually increases as the width of the compost pile is
increased. Since compost materials generally ignite at about 423 K (150°C) (Rynk, 2000), it is clear in this case that ignition only
occurs for very long (very wide) piles, i.e., greater than 150 m. Secondly, the transition from the elevated-temperature solution to
the flaming-combustion solution is ‘smooth’ and not characterised by a bifurcation. From the operational viewpoint, the elevated-
temperature branch is desirable since the composting process is enhanced at such temperatures. However, ignition of the compo st
pile must also be avoided. Comparing the results shown in Fig. 2 with those in Sidhu et al. (2007), it can be concluded that the
solution behaviours for trapezoidal and rectangular configurations are the same except that, for the former, the compost pile size

needs to be larger in order to achieve the same temperature values.

400

350

Maximum steady-state Temperature(k)

300 B [ 1 1 1 1

s} 10 20 20 40 50
Wiidth of compost piledmm)

Fig. 3: Dependence of maximum steady-state temperature within compost heap on width of pile (LLP - low-temperature ignition
limit point; HLP - high-temperature ignition limit point; ELP - extinction limit point; flow rate U=1 X1 07 m s"; red solid curve

shows results for single air-flow direction and blue dashed curve correspond to results for convective air flow in two directions).

Next, the results for investigation of the effects of air-flow through a two-dimensional compost pile is presented. It is
noted that for low air-flow rates, the steady state solutions resemble those shown in Fig 2. The flow rate is now increased to
U=1X10"m s and the results are presented in Fig. 3. Here the solutions have changed from those shown in Fig. 2. Solutions for

both cases (single air-flow and two air-flow directions) are almost identical and break into two short solution branches. Besides the
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LLP and ELP seen in Fig. 2, there now exists another limit point - the high-temperature ignition limit point (HLP) - and the
elevated-temperature solution branches are significantly shorter than before.

When the width of the compost is taken to be between the LLP and HLP values (HLPs occur for L=~46.48 m for the
single air-flow case and L=~46.46 m for the case of air flow in two directions), the heat generation is more effective than in the
previous case (Fig. 2). As a result, the compost pile can possess the elevated-temperature solution range with smaller sized
compost piles.

However, choosing a value of the compost width greater than the HLP value results in a big ‘jump’ in temperature
which represents spontaneous ignition within the pile as the temperature increases beyond the ignition value of 423 K. This is
because there is sufficient oxygen for the oxidation reaction to generate heat inside the compost pile and the cooling mechanism is
not sufficient to keep the temperature down. Therefore, all the limit points (LLP, ELP and HLP) are located at the smaller pile
size, especially the ELP and HLP. Consequently, the chance of spontaneous ignition is now more likely to occur with a smaller

sized compost pile.

Single direclional ain flow sHngle direchonal ar-toaw

(a)

1o dirschional ar tow

(C) ) . o IR T M WHERD e Slade W - r(nc')

Fig. 4: Steady-state temperature and oxygen distributions within compost pile for air-flow rate U=1 X1 0" ms” and width of
compost pile fixed at 40 m. Figures (a) and (b) show results for single air-flow direction, while (c) and (d) correspond to air flow in

two directions.

For the case of a single-direction air flow, temperature and oxygen distributions are shown in Figs. 4(a) and 4(b)
respectively, and for the two-directional air flow case in Figs. 4(c) and 4(d) respectively. Comparing these results, it can be
concluded that, when the air flow is sufficiently fast, the hot spot’ for the single-direction air-flow case is located slightly to the
right and moves further to the right if the air flow is increased. The location of the minimum concentration of oxygen is at the
lower right-hand boundary. However, for the case of air flow in two directions, due to the symmetrical nature of the flow, the

locations of the ’hot spot’ and minimum oxygen concentration occur at the middle of the bottom boundary.
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Fig. 5: Dependence of maximum steady-state temperature within compost heap on width of pile (Flow rate U=1 X1 0°ms" and

other notations as in Fig. 3).

As the air-flow rate is increased further, Fig. 5 shows the solution for U=1 X1 0° m s”'. The solution behaviour for the
single air-flow case (red solid curve) has changed whereas that for the case with two air-flow directions (blue dashed curve)
remains the same. For the single air-flow direction, the LLP and ELP have disappeared so that the steady-state solution branches
have become a single continuous solution and only the HLP remains. This is because the air flow enters the pile from the left
boundary and is sufficiently high to cool the compost. The steady-state temperature only gradually increases as the compost pile
width is increased. In contrast, the solution behaviour with two air-flow directions (blue dashed curve) still remains the same as in
the case when U=1X10"m s" (Fig. 3).

If the airflow rate is further increased to U=1X10"m s’I, the solutions for both cases (single and two air-flow directions)
will become one unique solution with only a HLP and be located at a larger pile size than when U=/ X1 07 m s”. With an air-flow
rate of U=1X10"m s-l, the case with a single air-flow direction is still more efficient in cooling the pile than that with two air-flow
directions. Overall, the one- and two-dimensional models of a compost pile with a single and two air-flow directions have similar

solution behaviours.
EFFECTS OF RADIATIVE HEAT LOSS

In this section, a preliminary investigation into the effects of radiative heat loss at the boundaries of a two -dimensional
compost pile is undertaken. The second term on the right-hand side of equation (5) represents the condition for radiative heat loss
at the compost boundaries. As the Stefan-Boltzmann coefficient (O ) is a constant, the radiative heat loss rate can be controlled
by varying the value of the emissivity of the pile, € , . The value of the € , for a coal pile is approximately 0.5 (Hull et al., 1997).
Since the emissivity of the pile is not know, we shall investigate the locations of the critical points (LLP, ELP and HLP) for
various values of € , noting that it is always less than one for any real object since, for a true black body, it would be equal to one.

In this analysis, the model with air flow in two directions and an air-flow rate of U=1 X1 0" ms” is used.

Table 1: Locations of limit points with varying values of emissivities (8 R ) (Two-directional air-flow rates at boundaries U=1 X1 0" m s-l).

€, LLP (m) ELP (m) HLP (m)
0 30.94 16.95 46.46
0.001 30.94 16.95 46.46
0.5 30.94 16.96 46.46
1 30.94 16.96 46.46
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Table 1 shows the locations of the LLP, ELP and HLP for various values of € , which are almost exactly the same as
those for the case when there is no radiative heat loss at the boundaries (SR =0 ). Furthermore, the solution curves obtained are
exactly the same. Therefore, it can be concluded that the radiative heat loss has negligible effects on the overall dynamics of the
compost pile. It is also believed that the radiative heat loss will not be an effective heat transfer mechanism in the three-

dimensional case either. The main reason for this is the fact tiiat temperatures concerned are far too low for this to have an impact.
EFFECTS OF VARYING AMBIENT TEMPERATURE

In this section, the effects of varying the ambient temperature in a two-dimensional compost pile are investigated. (The
one-dimensional case was analysed by Luangwilai et al., 2010). Due to seasonality, the average ambient temperature changes
throughout the year. According to the Bureau of Meteorology (Australian Government), depending on the location and time of
year, temperatures of 313 K are not uncommon. Furthermore, the United Nations Intergovernmental Panel on Climate Change
(IPCC) predicts that the average temperature around the globe will increase by 2 K to 5K in the next 40 years due to factors
causing global warming (UN IPCC, 2007). As a consequence, an understanding of the effects of variations in the ambient
temperature upon the thermal behaviour of compost piles is crucial in order to prevent incidents of fires in compost facilities.
Therefore, in this section, the behaviour of the compost pile when the ambient temperature is increased by 10 K (i.e., from 298 K

to 308 K) is investigated for different air-flow rates and considering the flow of air in two directions, as shown in Fig. 1(b).

400

Mdairnum steach-state TemperaiunaK)

Masirnurn stezchy-state Temperaturetk]

n BID 1 7‘0 160
Width of compost piledm) Width of compost pileim)
(a) Q)

10 20 20 40 50 ai

Fig. 6: Dependence of maximum steady-state temperature within compost heap on width of pile (Ambient temperature values - red

solid curves 298 K and blue dashed curves 308 K; air-flow rates - (a) U=1 X107 m s and (b) U=1X10 Tms’

Fig. 6 shows the results obtained from the comparison between the ambient temperatures of 298 K (red solid curves)
and 308 K (blue dashed curves). it can be seen that the overall behaviours of the steady-state curves for these two ambient
temperature values are similar, except that the solution branches for the higher ambient temperature are shifted to the left. In other
words, the locations of all the limit points (LLP, ELP and HLP) are located at shorter widths for the higher ambient temperatures.

Overall, when the ambient temperature is increased, the process of heat loss to the surrounding environment becomes
‘ineftective’. Therefore, the overall compost temperature is increased for the same size of compost heap. The effect of increasing
the ambient temperature has the advantage of increasing performance by achieving elevated -temperature regions for shorter piles

but, at the same time, increasing the risk of spontaneous combustion as the HLP also decreases.
CONCLUSIONS

In this paper, it has been shown that the value of the air-flow velocity is crucial for determining the behaviour of a
compost pile. It acts to both increase the rate of heat generation by supplying oxygen for the oxidation reaction and decrease it by
removing heat from the compost pile. When the velocity is too high, heat loss dominates and very large pile sizes are required to

reach the desired temperature. When the velocity is too low, there is insufficient oxygen within the pile to generate high
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temperatures. As a result, internal heat generation from the oxidation reaction ceases at elevated temperatures. For intermed iate
values of the flow rate, elevated temperatures can be achieved by moderately sized compost piles. However, this gain in
performance is counteracted by the possibility that the compost pile will spontaneously ignite.

The study also investigated the effects of radiative heat loss at a compost pile’s boundaries. It was found that this
mechanism of heat loss was negligible and does not make any substantial changes to the steady-state solutions. All steady-state
solution branches and limit points remained almost the same when compared with the case of no radiative heat loss. It is believed
that radiation will not be an effective transfer mechanism in compost piles as the temperature considerations are just too low.

As one would expect, our study of ambient temperature indicated that it is another important factor in increasing the
overall compost heap temperature and its effects are more pronounced for higher air-flow rates. If the ambient temperature is
increased, the elevated steady-state temperature can be easily achieved for a smaller sized compost pile which is an ideal situation.
However, this implies that the location of the critical point associated with spontaneous ignition (HLP) is also decreased which, in
turn, means that the probability of spontaneous combustion is increased. Therefore, a full understanding of the effects of both the

air-flow rate and the ambient temperature is very important for practical industrial composting.

NOMENCLATURE
Ac Pre-exponential factor for oxidation of cellulosic material (sEl) 1.8x10*
A Pre-exponential factor for oxidation of biomass growth ) 2.0x10°
A, Pre-exponential factor for inhibition of biomass growth (-) 6.86x10"
C, Heat capacity of air (J kg 'K') 1005
Ce Heat capacity of cellulosic material (J kg 'K ) 3320
D, Diffusion coefficient for oxygen 1.0x10°
D . Effective diffusion coefficient for oxygen 3.0x10°
E. Activation energy for oxidation of cellulosic material (J molEl) 110x10°
E, Activation energy for biomass growth (J mol biomass-l) 100x10°
E, Activation energy for inhibition of biomass growth (J mol biomass-l) 200.0x10°
H Height of compost pile (m) 2L/3
L Width of compost pile (m)
o, Oxygen concentration within pile (kg m”)
0,, Ambient oxygen concentration (kg m”) 0.272
Q, Exothermicity for oxidation of biomass per kg. of dry cellulose (J kgil) 6.66x10°
Q¢ Exothermicity for oxidation of cellulosic material (J kg-l) 1.7x10’
R Ideal gas constant (J K" mol™) 8.31441
T Temperature within compost pile (K)
T, Ambient temperature (K) 298
U Air velocity (m s
U, Air velocity in x direction (m s-l)
U, Air velocity in y direction (m s
h, Convective heat transfer coefficient (Wm-zK) 8.24
k. Effective thermal conductivity of air (Wm-lK-l) 0.026
k Effective thermal conductivity of cellulose (WmElKEI) 0.3

o}
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Ko Effective thermal conductivity of bed (WmElKEI)
t Time (s)
X Spatial distance along width of pile (m)
y Spatial distance along height of pile (m)

fes Void fraction (-) 0.3

€ Emissivity of pile at its surface (-)

v Stream function (-)

o Stefan-Boltzmann constant (Wm>2K>4) 5.67x10"

( ,OC ) .+  Effective thermal capacity per unit volume of bed (J m’K™");

o m Density of air (kg m”) 1.17

Jo Density of bulk biomass within compost pile (kg m”) 0.5x O,

P. Density of pure cellulosic material (kg m>) 1150
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Abstract
The development of the teaching and learning protocol for mathematics course has the objectives as follows: 1) To survey
the opinion of the students towards the teaching and learning mathematics and the air cadet behavior; 2) To compare the opinion of
the air cadet in year 2 and 4 and factors that influence the interest of the air cadet learning, 3) To survey the needs of air cadet in
Year 2 and 4 according to their desired teaching and learning protocol, 4) To survey opinions of mathematics teachers regarding

the teaching protocol on child-centered learning, the teaching and learning management for the weak air cadet, the method to
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solve the problem on sleepy air cadet in classes, the teaching and learning evaluation, and the way for manage teaching and
learning. 5) To develop teaching and learning of the mathematics protocol in year 2011. Research tool, query forms for investigate

opinions from the air cadet in Year 2 to Year 4, and interview form to investigate the opinions from mathematics teachers

The results from the data analysis of air cadet in Year 2 shows that difficult, non-interesting, subjects, and
also the subjects in which air cadet do not know how to benefit them are the factors, causing the air cadet to be uninterested in the
teaching and learning, Therefore, teachers should clearly explain the objectives of subjects, and point out benefits and app lications
of the subjects. In addition, the teaching activities stimulate the interest of air cadet in learning. For air cadet in Year 3 and 4, the
results reflect that the kindness of teachers is the factor that makes air cadet not to be interested in learning. The air ca det expect
the characteristics of the teachers as follows: kind, courtesy, friendly, advisable, interactive, concerned, and relaxation. They also
expect teachers who can teach them to understand in subjects, make a class comfortable, occasionally talk outside learning
subjects, devote/intend for teaching, can answer all of student inquires/questions, kindly instruct them, have many experiences, and
can point out the applications of the learning subjects for further integrated studies. Such teachers’ characteristics may re duce the
bad attitudes of air cadet towards the learning subjects. The learning evaluation should be performed at least two times. The
teaching protocol should be focused on the various practical problems, which cover all teaching topics. The teachers should n ot
teach by following the textbooks, and/or PowerPoints, but they should insert the wits, experiences, stories which benefit to the air
cadet and allow air cadet to participate in the teaching activities. If the air cadet feel not interested, the teachers may give them a
break (10-15 minutes) for drinking water, washing their faces. If such strategies do not works, the teachers may ask them to have
an exercise (running around buildings) or quarantine them. The teachers need to check their reporting notebooks, arrange them to
sit near by the strong academic air cadet , always ask them to solve the problem in front of the classroom (on the blackboard),
always ask them questions, and take care of them during classes. Sometimes, the teachers have to praise them to make them
proud. If there are more than one teacher teaching in the same class, all teachers need to discuss on the contents, teaching
directions, and also solve the inquiries from air cadet together. The development of the learning and teaching protocol is ev aluated
by the air cadet. The results is used for the learning and teaching development.
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(Dynamic Model of trirotor Helicopter)
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Abstract
This paper derives dynamics equations and simulation programs for a trirotor helicopter. Trirotor helicopter
is a small vertical take-off and landing air vehicle. It has three brushless motors with speed controls and a servo as its
main parts. The resulted dynamics equations are highly non-linear and are very similar to standard helicopter’s
equations. The main differences is how to change their attitude. Standard helicopters use three servos but trirotor
helicopters use varying speed of their three brushless motors. The simulation of dynamic equations are implemented
using the MATLAB program. Many prototypes of RC trirotor helicopters have been built to test their stability and
payload capacity. Tricopter helicopters were tested using a radio control, and the flying test was successful. In the

future, GPS will be added to the control module for future autonomous flight.
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Comparison of Forecasting Techniques for Inventory Demand:

A Case Study of PEA Utility at Thanyaburi
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Abstract

This research presents the comparison of forecasting techniques for inventory demand of PEA Utility
at Thanyaburi. The objective is to propose an Artificial Neural Networks (ANNs) forecasting technique
compared with 3 forecasting methods — Moving Average (MA), Single Exponential Smoothing (SES) and
Holt ’s Linear Exponential Smoothing (HES). The historical data used in this research are inventory demand of
4 spare parts from January 2008 to September 2010. The Mean Absolute Percentage Error (MAPE) is used to

assess the forecasting models for the test data. The results show that the Artificial Neural Network technique

present forecasting results more correctly than the other methods.
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Abstract

The simulation inside an airplane is proposed for the emergency evacuation of passengers regarding to JAR-25
section JAR 25.803 (Emergency Evacuation). The main key of the research under the state of emergency is to study the
passenger’s behavior during the evacuation. This study focuses on the emergency of passengers’ evacuation using
“Pyrosim” and “Path-finder” applications to research and analyze the project. The two applications align with different
concepts that Pyrosim is based on the fluid of liquid and assumes passengers as particles in the liquid. Another is “Path-
finder” based on connection of one point to another point contributed as a path from a passenger to the exit door. During
the simulation for passenger’s evacuation with the actual size of an airplane, the study found that Pyrosim application
couldnot execute the result due to grid problems. On the other hand Path-Finder application generated the result that if

letting each passenger to find the exit way themselves, it will take longer time exceeding the standard.
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Study and Simulation of Light Aircraft Landing Gear Behavior in Landing Condition
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Abstract

The main objective of this research was to study the behavior of Tricycle and Tail dragger landing gear for
light aircraft when landing with tail down landing condition reference from FAR 23 (Federal Aviation Regulations)
Appendix C — Basic landing conditions. In addition, the researcher has analyzed and compared the critical area that will
affect with both landing gear structure by used Finite Element Analysis Software method. The study results showed that,
although both main landing gear can support the loads similarly but the tail wheel, a small support wheel for tail dragger
installed at the rear of landing gear, was damaged at the top side of the root of landing gear’s leg. Therefore, the damage
of tail wheel affected to Tail dragger landing gear was critical than Tricycle landing gear when landing with tail down

landing condition.
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Abstract
Nowadays aircraft developments have the progress. Airplane can fly quickly and dexterity but airplane has to
use runway for take off. Helicopter can take off and landing in vertical but fly slower than the airplane. Researchers
have realized in this point so researchers study movement of the aircraft that can vertical take off and landing likes the
helicopter but can fly quickly and dexterity likes the airplane. V-22 Osprey is our prototype to study movement of the
airplane. After researchers have the knowledge about movement and control of airplane, researchers design aircraft
model in Solidworks Program. Then researchers build the aircraft model for test the performance. The research result

appears that our aircraft model can fly in some movement.
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A study of renewable energy in gasoline engine.
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Abstract

The world is faced with environmental problems is more toxic because of the costly energy consumption and
carbon dioxide gas, a lot happened that resulted in the global warming. The research group has studied the use of
renewable energy to reduce fossil fuel consumption studied by extracting hydrogen from water. Easy to remove hydrogen
gas, and happens to use a fuel mixed with gasoline. And test and compare the performance in terms of fuel consumption,
horsepower, torque, along with the analysis of exhaust from the combustion process. The engine Honda Model Wave
Capacity 125 cc conclusion that is to separate hydrogen from water reactors potassium hydroxide at a concentration of
0.25 molal and then power supply 10 amps at frequency 1500 hertz will cause the maximum of oxyhydrogen gas as
possible for this device. Engine can run on fuel mixtures of oxyhydrogen gas from the same tooth gasoline it can reduce
fuel consumption down to 4% of engine horsepower and torque increases slightly and quality of emissions in the range of

complete combustion.
ﬂ?gﬂﬂullﬂ@@ﬂllcﬁﬁﬁlﬁﬂﬂ1ﬂﬁﬁu ﬂlﬂiﬁ/LﬁﬂﬂleIaﬂ%}ﬂu
1. umi WianYITeUnITIN JeiinIsased Inaansdesig
fogiu Tanddandysuigmaunademiuiis  mfveulasenlad Tasannslfidomaloada an
windunn 4 fu swdlueaideannanmsuilan  asldndeonludiuit hisuiu msdon 14
wdsnmeduiuilosvosdszmnsuypd Fadana  ndanumudenniondsnumaumuauumungsay

{ 1 o a [ a Aa
ﬂﬁz”ﬂ“ﬂ@fﬂﬂlﬂﬂ@]@?fﬂTW@1ﬂ1ﬁﬂlﬂﬁiaﬂﬂ11ﬁ}ﬂﬁu1mﬂ1cﬁ NENRIEVIR Y]



66

Tuilvgiuiimsfnewaziavumaluladmsuen
o o S A o
maylgTaswusenainiiiierhnelalasou viems
d' Ay v v I & a & a
pondlalasounlduldiduwiFoimas i¥oinas
Ay v o ' S o Y
leTasinunldaninmsnszuiumsainaniiv 3alan
IS @ a A
Hhundenudazein msiznanaai laannszuIumsm
Y A :’ a 1 [2J
Inif Ao Toiir nazawisaanlSuramsddesny

o

¢ s & a v J
ﬂ'ljﬂﬂullﬂﬂaﬂvl"]fﬂ iiuﬂﬂaﬂ‘ﬂimmmﬂ%umu

@ @

d’l a Y ] 9 Y 9
Worwasasld varenuleauldldaudidy iy
dd" Yy Y Y av A A a a
maluladd laumsauni 39e vz ansnin
A o o A
Tumswanmislalasiau vazniweenalalasiau
QSJI A Aa A = (4]
saunanulszaniomlumsnlasunis lalasinull
3 o A9 9 ' | Yaw R A
Huna VY AeMANAAINa1INGUAITEIIN
d‘ = yd’l’ a o ci
anwaulanazinymslfyemasmaeond laTasou
@ o’l o a A 4 a A I
waunUNwuusy lwasossuaugy ielums
Y 1 A A o =& A
aauanzldunlan azieiud Ny Han1uasnved
nasnunaunu lueuina

[ ¢
2. Jagilszasn

A = Y o A 4
2.1 LWi‘)ﬁﬂH"IﬂTﬁ'Gl"]fWﬁQQ"IuﬂﬂLW]uGlulﬂﬁ'i’)\iﬂuﬁ

WUFU
A = ° A
2.2 tiefayIMIiauvesunseduenlalasauain
i wazmath1Ul8eu
@ o o @
23 1ifedaudauniesoud 1annsaniauldsy
Y v v
IRINAIHEY T2 IINTVUTY dUf1¥00n®
TaTagiou
A a = A & A
24 Moo uNeVaNTTOULYDIUATOIIUAN
aauilag
3. YAUIUANIS IV
o A I a a Y
3.1 dandauniedsuauugugnguiaed Tniy
A 9 A o yo &L a '
(AFRIAULUUNANNTNNY JAR U RINAINANTZH I
3’ @ a @ [2) A
Mduugy 7 Maeend lalasou
=) =3 A S v dgl
3.2 WlSsueuanssouzveunIeIsuaNaaulaavy
k4 e:’ A dy a 9 a
Tudruauduilaoa¥einas 15l usela uag
AT lordeNAAINMININUVDUATOIBUA
Ada oy
4. nguYnneITes
° A S o ~ o
4.1 MIMAUVDUATOWUALNE TAY 4 991
o g
42 msuenmalalasuanmi

4.3 vidnmIadudyn aved PWM

NIAIINMIWTEI1MA TN 7 21TVN 7 WyeInou 2554

4.4 1950NATOUANITOULIATOIUA
4.5 87195299 0US MR ONFIIU
5. IEMIAUHUMTIVY
a 3 d‘ d o 1 d‘ d a
5.1 AAAIATOIIUANVUNUIATIBUS auee' T

o a 4 4
Llﬁz‘ﬂ1ﬂ13ﬁﬂm§ﬂﬂﬂuﬁ

sin 51 13D IEURTOUR 3y vl 125 &

o A o a & A
52 Yaruasoenmy lalasny tazAndunI ol
o Y o A P o o
uenmalaTasuiNUINToeUa W oNNINIOATINT
inamesoons lalasmunanududunaznszua luia
' ' A do A o v A
AN 9 nazmanNudvesgUnsaltudadyniuwasn

mueay

mamled

[138z818 KkoH

. i

il

uane3 Dry(%ell

¢ W

floazginii

. 5 o
510 5.2 iwunmgilnsaiuenmalaTasiou
a 3 o 17 a a o A 4
53 Aadeiininndulinaeendauiniessua

'
=t

wazTadaanun lasunnniesia

Holoidg

& | .. S
3R aaaralaalnl

M301in0pnT R

‘l.l‘ﬁ 53 ﬂﬁ{ﬂﬂ@l\ilﬂi@ﬂ’]ﬂﬂilﬂﬂ!ﬂﬂﬂ%l%u


http://introduction-pwm.blogspot.com/2007/09/pwm.html

NTAIAIPMIWT01MA VN 7 2TUN 7 yaTnon 2554 67

a o A a ¢ Y o A ¢ A o a o A
5.4 @]ﬂﬁ%ﬂi@\?llﬂu'ljﬂlllﬁﬂﬁ!GU']ﬂ‘]JLﬂiﬂ\iﬂuﬁ ﬂﬁ’W\I‘W 6.1 Llﬁﬂ\i@ﬂﬁ’]ﬂ’lﬁlﬂﬂﬂ’]“]f@aﬂclfllﬁiﬂjl%u
Y :/I @ 9 A A a dzl
WIDUNIAUIINUASLINVATUNATVU Jasins linvo shvonailalasam @y i)
150.00
20000 |

Al

350.00

IR e L [ s Wi amnk
' 2000+ — 504
. 200.00 - S— — 75A

150.00 7 — 1008
| -
s ﬂ]ﬂ'l‘llﬂll 000 . N o
0125 025 0 5 0.75 1
) : Tl Ulﬂ.l ]HJH 1T3|llﬂﬂ]
)IEIIFIU'i (10 LUR

a v A 4
’ ANNTNATDUUIIVALASUIINIVUDIATOIYUA
///JX/// 1AM

A ' o U [ A v o
IITJ'EIIFlﬁ WU'3']"]]ﬂlg‘ﬂ’]f‘lﬁ'"l]’]EJﬂ’]“D'ﬂ@ﬂ"lfvlaIﬂiH]uﬁU"lllﬂﬂﬂ
D A ¢ v o a o A o

IATDNYUALAIUU LIIUALASLIINTIVDUATOIIUANNTT

. . 3y .
nlasunlauaniesdauanaluns i 6.2 uaz 6.3

~ = a < a
n3197 6.2 ns1llseuneuanuiEiseunazusa

9
a o a J
57 5.4 upunmmsaaaslan Tuiimes

) i} 15UA ('m)
a L4 a A A a o 250 -
55 Anngianudunlieuremauazndeay
Tnldh |
Wiy
av _ v by
6. agiwamsIdg ! o
, v » — i
INNITNAADINIAIAIVTUTUYDIA1TALAY
= A o Y v a o A 100 _7
Tnunadon laason loanslnonsimsinanseond
v ]
laTasugegaiinldwadaisied 6.1 wazawso 03
nanalddans i 6.1 Tasanududuniiliinama
' ' 000 + T —
pondlalasiouniniigane 025  Tuuaa uag 00 S0 N0 B0 20
, T
aszua Iih 10 wewnl§ BT )

, , nsl# 6.3 nsmluanannusrseunasida
@ a o =
M3197 6.1 uaasdnsIMInanwesnd lalasiou

NI (g
9.00 |
Y Y d 8.00 ¢
ANMTNTY aszuavlvh @ens) ol 7
(unaa) 5 75 10 600 /
5.00 LT T Tt
0.125 7333 136.67 | 260.00 i /S oncdal
0.25 133.33 250.00 396.67 =
2.00
0.5 60.00 12333 240.00 s
0.75 53.33 110.00 196.67 LA A 3 ]
1000 1500 2000 2500 2900
A1 1301 {1pm)
1 40.00 86.67 180.00




68

' A '
A1919% 6.2 uaauramaduazusaau luihinges a

vzl | vaeh
1 (9] 1
My 8
[
e
USuanvomasnls (co) 500 480
usagu lihadela (v) 0.1 0.3
71910 Y (V) 19.32 18.55
saen v () 0.02 0.07
YaMs MW | 19.34 18.62

1 9
91NN1INAABAT0INITIATIEH AT U Fo
Y E4
worwasnazwasau i niu aunsoagdaildie

' Yo =
AN 9 "lﬂﬂ\WHSN‘V] 6.2

fAnnannulsenda’ldidu 072 0m  (de 30 WA
fiseuinsesaud 1100 seudeui) Tagannsnan
Ui liiiuacld 4% uazilszndanidemas
waza i 1d 3.72 %
HIIYiA)
1. 1Ay u3Em dan. $15a (uwy) o Sud 4
1.9, 54 IUUFU 91 5IAANTAL 38.64 VN

2. 51ma lihaeawsasia Iihvesns Iuilaqu

]
A ]

1M1 NFIHMUN 6 — 15 5191 MUIwaL 1.3576 1N

e

7. unagy)
msuenialalasousiniiannsairly iy
wisnunauny 18 Tasfiglnsanaaouldasazas
TwunaiFou'leasonled aududu 025 Tuuaa
nszualilfh 10 wonuyls uazanudveuaieaduia
Foyanantad 1500 F3ad 12 188as1msiRafreens
laTasnugegauazainms iz Anuaudes
Fomawazndau ity idefinssrofasesnd
laTasnudrginessudilfamsoandSmams 1§

oy o 47 a Y
1!11]1!&‘]1@&1/‘]@1\1@\1'1@‘]]53111%]4 4%

NIAIINMIWTEI1MA TN 7 21TVN 7 WyeInou 2554

8. VorauaIu
Y
o [2) @ 1

8.1 gUnssiuonma lalasnuiuannsatie 18

TulSuandes winauisosie Wi ludSuian
v v
PINNNNITAINITN IR ONTIN1TINAN B0 0N
4 g
lalasmunuay
o A A o da "o 24

8.2 JarunIealelanianuuluiuiniuiiean

JoRANAIAVDINANTNAAD
v

83 uITedavisnnlU3deae lunindan
a d' ~ A 4'! v W Y
IAINTIUATING 155 euMeTo0 1N tNoNanau 11

v F4
NAMINALIve91ATINTIVENINTIVY
A a ~ o

8.4 ulasuyilavesarsazaronlFluginssiven
(4]
Mo laTasau

8.5 U5u1lyunTeanaaenloide

Y Aa
19NA1ID N

v oA

[1] werueviny duAna. (2544). tnseseudauarnieli.

a

NFUNNUHIUAT : guiduaiueFiznu.

U

4
A o

[2] gad 35103, 1¥e Ggm.m?awwf&’umilmy?u
[3] John B. Heywood. (1988). nternalCombustionEngine
Fundamental. Singapore :McGraw-Hill Book

Company.



a d 4 (Y] g’J :: % a
ﬂ]i’J!ﬂi]%?‘i!!ﬁ$E)i’)ﬂl!‘lJ‘]J!ﬂ%i’N‘i]ﬂ{l‘tﬂl‘Hﬂﬂ‘ln!ﬂ]iéﬁx‘lﬂﬁ]ﬂﬂ]ﬂﬂﬂlﬂﬁﬂﬁ%’flﬂﬂﬂ1‘§Nﬁﬂ§]ﬂ

NITTUHUHIN 20 NN.%@Qﬂ@QiiQQ]‘HﬁiiWTQﬁ 2 NINAIINIENTHIINIA

v [ dl v a A [ (7]
u1'31ﬂ1ﬂ1ﬂiﬂﬂﬂlu€uu1ﬁﬂﬂ Inﬂmmu UNIPUUIYLTDIIMAANAND NIIMUIITIHUN
Y= A (Y] A d 3
uag uﬂ!ﬁﬂuu1€l!iﬂf’)]ﬂ]ﬂﬁ)ﬂi!ﬁ@\ﬂiﬂu aynIang

'we.NeINANYY 15958UiT001MA a3 IAINTTURAAIMMITNOINSANE 15a50umeiTe0 1M

U |
Unnago
* i1 v v
MIANEINTINGITDINITOONUUDIATO99NS TUTUABUNTANATIVTUYDINTZVIUNITHAAGANTLUUUIA 20
@ a [ @ 4
NN.%J@Qﬂ?JQIiNWUﬁSS‘WQ‘ﬁ 2 NINFTINIYIBENHUITOINA AUNENNITVDIAINTTUANNYADANY HANNITVINITFENS
o A o 4 o = A qomy & A o g ot = ° Y
LHAasuanNIINYINUNITODNLUUULATOIINTINANINNISTY !‘Wf]Gl‘lfillﬂllMNLﬂ‘J’é)Q%ﬂiﬂ‘l&!&ﬂ‘ﬂﬂhﬂ’ﬂiﬂﬂiﬂzﬁuﬂﬂxunlﬂ‘ﬂuﬂﬁ
k4 !
Mo luduaoumsaignnizauauna 20 uu. MeluTs9uasTNYE 2 NSUATTNIENIT0IMA e IHIAaAW)asafiy
A o = v o s & & ! < = 2 '
LAaZINBMNINITNINIUNGNADIANINVANNITUAITAT ”IN%]3L‘]Juﬂ‘li“]f’JEJGLUﬂﬁaﬂE)‘Iﬂﬁ?IJ'IﬂH]‘Ui’JiJﬂQmiLﬁ]‘U‘LI’JEJGlN f N
o Ao o o a o o s o { o
mi‘V]N‘Iule?]} ﬂmsPj’si]ﬂhlé’]lﬁﬂﬁﬂefljﬁlyjﬂﬁ]‘lﬂﬁﬁﬂﬂﬁ‘u@i’)ﬁ’miillﬂ’ﬂllﬂﬁ@ﬁﬂﬂ NanNnNITUDINITIRITNT LLaZﬁﬁﬂﬂWiLﬁﬂ’Jﬂ‘U
A o 9 99 ¥ o 4 o A v A v 7 )
myeenuuLATeITnIna Milszgnaldlimunzaniumsesnuuniniesdnsngndes e lidluilse Temilunsldanuuas
e 15l umswannde lu
Abstract
A study of research on the design of machinery in the process of cleaning oil production of 20 mm
ammunition's 2nd Division, Ordnance Department, Ordnance Factory air Principles of safety engineering. Principles of
ergonomics. And principles of design appropriate machinery. To acquire the underlying machinery that is suitable to
be used to work in the process of cleaning cartridge size 20 mm. The Ordnance Factory Ordnance Department of the
Air Force 2. To ensure safe working posture and to correct ergonomics. This will help in reducing injuries and
illnesses, including many from work. The researchers rely on the principles of safety engineering. Principles of
ergonomics. And principles of mechanical design. Application designed to suit the machine is required. To be useful

in applications and for use in further development.
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Abstract
At the age of information technology, electronics have become a major role in our daily life, particularly with
mobile phones. They are cheap and easy to buy. Some people might use them for triggering bombs. These triggering
technique has been used in 3 southern provinces of Thailand. Our research group has studied and implemented a way to
generate signal to suppress signals from these mobile phones. Most mobile networks are operated on 1800 MHz, so we
have built mobile phone intereferer covering frequency ranges from 1785 to 1900 MHz. We have achieved satisfactory

results.
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Abstract

This research aims to create a platform release without pilot small aircraft. By the way, the
researchers had the opportunity to study the principles of medium range aircraft platform release version of
the Snipe MK.5 at The Air Defense Regiment King’s Guard. And then, the patterns and knowledge acquired
to design elements by using the Solid Work Program. Then, we have tested the strength of the structure
designed in the Solid Work Program as well. After that, It has tested the value of k of the rubber to be used in
the transmission system for emissions. When the details are completed. The research group has created real
parts. Test and release an object that can make objects appear to speed 8 m/s, or 25.8 km/h. This value was

24.375 percent of the errors that were calculated according to the theory.
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Abstract

The Academic Faculty of the Royal Thai Air Force Academy (RTAFA) has established a concept
and plan to design the RTAFA faculty’s workload assessment system, with its objectives to record,
evaluate and calculate the amount of workload for each instructor from various Departments. The
outcome will be submitted and presented to administrators of the Academic Faculty without complexity.
In order to develop the program, the data base in relation to the faculty’s workload will be set up whereas
the instructors can key in their information through the Web browser. The data gathered will be calculated
based on the system designed. Presentation of the results can be shown in both graphs and tables. During
the developmental process, the system test was implemented by requesting a sample group, a group of the
RTAFA instructors, to attend the test. The results gained led to conclusions and faults in the system,

resulting in advantages in developing a complete system or further studies.

o a va Y A 4 o A Y
1. YN ﬂguwummmﬂmwmw NNM.35.UD. mmu"lﬂma

a

v Y= ~ % a Iz ¢ 1y o . v &
NNA.55.10.A0INT INNTZULNUADNNUADT NS AITNLIYVIDY lLﬁ%L‘l]u’]JifoJ“]fu!.!ﬂ@“Uﬁ‘l’?ﬁfﬂﬂi'ﬂlﬂu

=]

E‘hu’lﬂﬂ’JHJf;T$ﬂ?ﬂiﬁﬁﬂﬂﬂﬂ%?igiuﬂ1iﬂﬁﬂﬂ nuanelumsdsziiumasu Zﬂ\illﬁ/’ﬂﬁizlﬁﬂ‘ll“ﬁﬂ

4 a s A Y = d"d 1 = =} A 4
uuuvesumslsaliumszaruvesaaasoie 1¥ns ISAUIVULTINI “iglﬂﬂ‘ﬂii\‘llﬁﬂuu1815861ﬂ1ﬁ 11A7Y



82

ﬂﬁﬁﬁ’i‘l«!ﬂlﬂm%ﬂﬁ%ﬂuﬂlﬂﬂﬂmﬁ]ﬁg NNA.59.UD. NI

M3fny 15958UM815001MA W.A. & Eo

[

J a
2. JngiszasnveamsIve
2.1 menannszuuanunlFlumsissiiunszau
YOINWITY ANA.3.1D.
22 edsziiuszuulaee1915da Igaulg la
' a ' e
Aundeod lunumn
A Yy a =)
23 e ldduIMIsausnTengn1szuves
4 Y <
A58 NNA.TT.10. IAazaInT A5
2.4 nuNIUANMNIVeIUND. NeINUNITIT U

Tsunsuuuszuuasone

3. YBLUANISIDE

k4
o

31 syuuuuulssiiumszauuede1nsdiung
9 s d' 3y ¥
awrsafloudeyaniszaiuvesernisdoini lvunld
=) ] = =)
melunieie Isuseumeisee1nea
Y = v A o ¥
3.2 awnsondedeyaniszauieimnly
YsziliumeluTsaGouneseoima
3.3 UMIMUUAANTUOIAAZYAAANITNA MU
iesnndminanimudiyanaudl 0199gAans
: Y 12 A~ = o ] Y 2 :// =~
Frdeunwlolimsnlasuuasdmmniala izl

asU RS mame 1fhodemsnnsan'la

d y o
4. Uszlawinlasy
v
4.1 gusmisamisaldldsunsuil $relunis
a o a 4 L
wandratazInIznamslsziiwive 14 se Toaily
a 4
MIVIHITNUYDL AATE NNA.55.10. 18
I~ [ a =~ o 9
4.2 Wuszvvrunvumesiai liazainaue
' Aq Yo ° A A
1NN ISA e naITIIUIUN I LB U U
NILATHOYIUAN
4.3 Huiwisarnnsniangdeyaluadntiunig

Bwmafiin atNntaelunianzile

5. NouHNNaITa

5.1 Anuiiallineniusruugudeya

NIAIINMIUTE0IMA TN 7 21TVN 7 WyeInou 2554

o o

gdoya mneds inudeyauazanuduiug

szrindoya

o { v
5.1.1 AuanyazNAvegIulaya

E:] U
4

5.1.1.1 aannus1Fouvetoya
5.1.1.2 ANNNABIgIga
5.1.1.3 Harmiludaszvesdoya

5114 ﬁiZUUﬂﬂNﬂﬁﬂﬂﬁﬂ"U@Q‘fl}ﬂNam

5.1.1.5 MInIUANITRENAIUNAI
7 v
5.1.2 99A1lsznovvedszuUgIUTIoYa
9
5.1.2.1 foya
4
5.1.2.2 gilnsal
o 1 asa
5.1.2.3 amdd (Fu aldued)
51.2.4 1%
5.2 7u1 N
~ . [~ aa
10198 (Active Server Page) (Humnluladh
° o Y ad 7 A Vi '
Mamesranugivines Ngneenuuumnldieions
RO NWAATUA A VIFS e s d T uiTnWann
<
B let
v
myinuveslisunsmeedil Husziinueg
Aoy A 4 o p o o
NlevougFT e MY F991nAITRIIUN19H
as P Nd o aqv d P o
@5 vinesvouaeaiiiy Ml Auusiuwesvesilalaa
3 @ ° Y A A o o AN ¥ o
Bun R mNNMeSuRadnsn 1491015381
v v
Haudsvlnesimniu
52.1 anuawnsonazilszJeyiived oo
52.1.1 owdaiidiedensizouiuazi
Y A ] 3 o
AN 1o en laseas wvesmuniuanyazyed
S a o’d! 1 1 =1
Mseuansla Fedreaemsanu
5.2.1.2 ©RaNdgannsHaIu
52.1.3 eeanasaylseansam
HazvEIEANNAINITD 1A 1agd1e Tagnsaiianen Tn
Ea
< ' A A =
miunauanldaues TasTisunsudd (VB) wso waail
(Delphi)
Y VoA o
52.1.4 deyauveduiduanuaun
Y v
ganvaz ldgnidame tmsizmsiinuiueziiegils

A P
50T



] ]
= o A

NTAIAIPMIWT01MA VN 7 2TUN 7 yaTnon 2554

6. IBMIAURUMIIVY
Fa v
msaveasailldnsnaumuiaulugluunves
v F
Twaaiian (Water Fall Model) Tagluupaziunou
voImMIMuamsonazIunsedoundu lud lulu
3 J 9 Y o
Junouneunin g asgy
v
6.1 Twaaihan (Water Fall Model)
Y yq 9
6.2 FIUIINAINABINITVOIH 1% (User

Requirements)

a J
6.3 MIUATICHLALDDNUUUITSUY

7. Wanmsive
NMTHATZVVY T2 UNTLIIUVD A5
vt A v
nna.35.ue. ldinsnaassszuuiieszuianans 14y
PR & 4
nu Tagtiomsdnquuilalddh ldnageuszuy e 1w
a 4 I 4
ladoasUnTodonanarnvesszu tiorduilse Tomnd
lumswandsudgeldamisadi ld1d0u1ded0
o
Auyysel
7.1 5198298AU095 UVYTLNUNTEIIUUDY
o
ARG
7.1.1 arumadnldau
9q o Az ¢
AlFauluniinfeasasd nne.53.ue.
Taedldmaziizemadnld(Username) wazswams
W14 (Password) 5ulFauTasd1dezimsnsonie
Y q9 o 2 9 oy ' o W
mstilduazsiavesau Fadrdoyaliasaiuiy
v ' Y qu Y ad
gudoya v liawsadldszu 1 Taellduaoums

Maudagl 2 vagludrwveslisunsunaaslugili 1

iiﬁﬂdﬁd'

me bz sl

83

g 1 dawmsidlsy

Piane il it i
e
B

“wiTea
| e i
Fimis w ad ral

R —
B T sl

310 2 daumadldanneanuess

7.2 danenilsziangldau

A 99 9 Yo Y 99 o
!llﬂﬁﬂ“]fvlﬂﬂ?ﬂﬁﬂﬂsl‘ﬁﬂuu TEUVITNINITUYN

Uszinnvesdldamgudoya e ldazaindeduinis

lumsiSengdoya

7.3 drumsnsendoya

Y)Y o ¥ [P
Nsl‘]ﬁ]31/]’]ﬂ1iﬂiﬁ]ﬂ‘1]ﬁluvaﬁ’)uﬁ’]llazﬂ"I'i3\111!61]6\1

U

v Y Ay Yo 4
auadluszuy awiaven ldaa 13

7.3.1 doyadiud

Y)Y o ¥ 1w
I%ﬂ‘]ﬁ]zﬂ’lﬂﬁﬂiﬁ]ﬂﬂlﬂllvaﬁ’)uﬁ?ﬂlﬁ)dﬂuﬂﬂ

Tuszvy awivenldaald
Y

7.3.2 U9YaNTLINU

U

AlFvzshmsnsendeyaniszauvesau

Y A

o Yo k% IS g o
asluszuy Gnll‘ﬁ'JGUﬂ‘ﬂhlﬂi]ﬂhlﬁiﬂflﬂelluﬁﬂuﬂ’li‘ﬂw’lu

Aag1in 3

7 s st |E el R DY Al £ |[oewdeiinl el




84 NIAIINMIUTE0IMA TN 7 21TVN 7 WyeInou 2554

517 3 drmvesmsnsendeyanmszaierirl

E
o 1 [~ v 9 v v A
i ludiuvesllsunsu Taggansoutuilu 4 irdonanaail
7.4 dauMmsuanHa 1 MUMIATINUANINABINIVOIY 1F52 DD
I ' A o Yo Y a Y ° I o o
Wudrunssdiuennuazainlinuduinig 2 gumsmaulanuilssFuvesssuy
Tagazsimsuaasnavesdoyaluglunuidusns 3 Auanudieaensldauluseuy
doamsvziingan’ld y z O
v 4 ammssneanuilasassvesdoya

@ J av
7.5 Nﬁ@]?ﬂ’]@]i}ﬂizﬁﬁﬂﬂlﬂiNﬁﬂﬁ'ﬁ]ﬂ
Y U U =

YoyaneInuszAUANNNINDlave ¥ sz Y

TagenunsnagdanuiianelavesTsunsuladannsiad 1

A15199 1 uaaswamsnaaev Tlsunsy

. . L GBI
anuiianelaluduaieg Anae m3ulanny
1ATTIN
1. MUMIATINUATINABINITVOI 152D 3.15 0.596 wawalathunans
° o
2. Mumanauldauilassuveaszuy 3.39 0.922 wanelarunaig
9 ' ' 9 =1
3.auANNNeAeNs 1¥aulussun 3.25 0.294 wawelathunag
k) 1 o E) =
4 gumssnuanulasassvesdoyaluszuy 2.75 0.477 wanelathunas

8. ajuwanmiide

a a Y a
%'lﬂﬂ'lﬂ/lﬂﬁﬂﬂﬂ?ﬁﬁl‘%}\i11!%5\1"’1]@\153‘]J1J1J3$!1Juﬂ1§$ PN N

=

o <3 1 v d. v 4
NUYBIAMINTE NNA.IT. M.z UIINMsNaaey (1] TAa mw ASPleeu laii]. 1daldain URL : hitp

@

Tisunsudenananunsalyanldluszdune 14 /lwww.thaicreate.com (JunAuToua : 16 FIH1AN —

U

19 W AINBU 2553).

Y a 4 ad o
9. valHaNUL 21 AsHgirel Auald. Tdsunsumuaumszam

' a v o 999 A A 1 ' Y A o d a o
9.1 dwdAndefuflraunsaiunioliuuadl Vo IINABUNNAAATHALNTAITITUGY. INenas

U

o Y Y d 7. a o
MU ANATANNABINS 1A uwmﬂmmuazmimﬁﬁmqm[aau"lau]. MUY
= o 1 Y a Y ¢ A ]
9.2 AsAnBInsinauedefuivis il unneraas Az MIAsITNGY; 2548, WaldaunURL

A ' ] '
naNuABIUL Ied1eAe M 15 . http://www.cmp. ubu.ac.th/menager/login.php (153

\ ' o 0 v
9.3 mse,ﬂmuNamﬂummmmmmmu% “l%’mu 9 A 2548].

Y
o 9 =< To 9 A
[ d é
O ADIVUDEMURLI Y [3] w3103 iymea. er15telled nagnimsaadunu
ad

a o 4 =
nilsuazadrannunanaisgudimaTuladoan



NTAIAIPMIWT01MA VN 7 2TUN 7 yaTnon 2554

NsoNNdUASADUNILADIUHIF A

(NECTEC).NJ 4 WuHIUAT:2550.

85



ﬂ"lﬁﬁﬂ‘lzl"l!!ﬁ%?]?]ﬂ!!‘]J‘]J!%\‘lT‘iﬁﬂﬂ"lﬁﬂﬁ%‘]J’J‘I—!ﬂTiTlﬂﬁ@‘]Jg"mé}i’)@1ﬂ1ﬂﬂ1u!!1J1J Drop-Test
(Study and Conceptual Design of the Aircraft Undercarriage Test

by Using Drop-Test Process)

d
v v

% a 1 v A IS [ Qd a
141’3191711?[17].915. MINa Hﬂﬁﬂﬂﬂ HUNIBHHIATDOINA ANAYEY D1ITANA
v A L) = a Y 3 CY A a v LY 4
UNLIBHUIYLTIDINIA ITHIA L@1UNITiY HasUNLIBUNYLIBDINIA FINNT 9TIANNT
1 ¢ = ~ A
919138 NOINIIANHI i‘iﬂ!iﬂuu1ﬂ!iﬂ®1ﬂ1ﬂ
2,34 a2 a2 =3 = A
A1VNIBIAINIINOINIALTIUNDINIIANH Iiﬂ!ﬁﬂuuﬁl!ii’)@"lﬂ“lﬂ
[ % 1
UNARER

[
aov

ﬂﬂﬁ‘Q’ﬂﬁuLﬂuﬂ’]iﬁﬂE’]LL@S’ﬂﬂﬂLL‘LI‘LIL%\mﬁﬂﬂﬁﬁ‘ﬂﬁ‘t‘]_lfmﬂﬁ?Vlﬁ@'a‘]_lﬁ’]uﬁ’ﬂ‘mﬂ’1ﬂ?.l’]‘LALLLI‘]_I Drop-Test Tnel
ﬁf?mqﬂi:mrﬁﬂﬁlﬂﬁﬁm@‘ﬁiﬁmﬂma‘ﬁﬁmﬁ%iﬂﬂianﬁz‘imﬁ*ﬂ%ﬁmmf;mq‘lumiﬁﬁumLm:fifmqummmu
TnseainegudeaIniAeny %'mﬂumﬁm%uma‘ﬁmﬁ‘f?cm‘f‘;mm‘wmﬂqﬂmuﬁim‘qnqﬂumﬁmmﬂqmwmmu
Tarea¥regrudeniniAaiy TneldndiunisAneusanssindugudezeseniasulunisionisasasn’ly
gtluunsing 7 u@ﬂmﬂ‘ﬂié’ﬁﬂmﬁqmm‘gmslumimMﬂmm‘u Drop-Test a1n Federal Aviation Regulations
(FAR) Part 23 mn‘&uﬁwLﬁumimaumﬂﬁeﬁiumimmmﬁuﬁuﬁ%wdwiwzmmzgﬂumwmmuLL‘uu
Drop-Test iU Lmﬁmzﬁﬁugmﬁmmmmmmumu‘ﬁ'ﬁmmi‘w"ﬂmi‘wmmmm‘wqwﬁLd'i'fa\mgmmmw,l,m
Waau udarhaunsuazned idannnisinen lusminsunsulnel4sunsy Visual Basic 6 tieldAuanm
szazanugedviuldlunismaaeunuy Drop-Test thualunisdruaildllifauieuiunailfainnis
ﬁﬁuqmﬁﬁlﬂs’ﬁmmammﬁmmm Federal Aviation Regulations (FAR) Part 23 TR LR ATIA AR LAY
Qﬂﬁﬂﬂﬂl@x‘i@ﬁﬂﬂ?‘ﬁ ifiumsmanuazlsunsuisaiatu
ANRNATY : NSANEN, AANULULITIUANNTS, FIUARRINIAENY, Drop-Test
Abstract
This research is aimed to analyze and study about a conceptual design of the aircraft undercarriage
test by using drop-test process. The results of this research is used to develop and procure the aircraft
undercarriage test-rig, which is the project held by the Aeronautical Engineering Department, RTAFA. The
procedure of this research is to analyze the force, which affects to the aircraft undercarriage in different
landing condition. Besides, authors also study the standard of drop-test process from Part 23 of Federal
Aviation Regulations (FAR). After that, the authors generate an equation using in finding a relation between
height (altitude) of drop-test process and force that works on the aircraft undercarriage, which are found in
the theory of force and energy. Then, the authors use the results to generate a distance for  drop-test
process by using Visual Basic 6 program and compare results from program with results using FAR
equations.

Keywords : Study, Conceptual Design, Aircraft Undercarriage, Drop-Test
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Abstract

Thanasinpattana Company Limited is a small enterprise founded in 1996 with 20-million baht start-up
capital. At the beginning, it was a medium-sized enterprise which employed about 100 people. The main
production is making soles for trading partners. Due to the crisis in the year 1997, the company experienced
financial difficulties and needed to reduce the size of the business to a small one. Currently, the company has
switched to manufacturing finished slippers instead, with a capacity of producing approximately 800 — 1000
pairs per day. However, the company is facing a major problem, which is a loss arising from the performance
of employees in operating machines, resulting in inefficiency of work at full capacity, causing waste in the
production system. Besides that, production rates do not meet the needs of clients which affect the credibility
of the company, resulting in lower total orders. From the problem mentioned, it is apparent that the operation

system is not handled systematically. The coordination of staff in the organization is ineffective while there is a
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lack of employees’ motivation. Consequently, researchers have adopted and applied the total quality

management of which the principles and philosophy are to improve the quality of the production process with

an emphasis on quality management. This can be done by developing personnel to use their potential fully in

improving the quality of the goods or services and in aiming for long-term profit goals taking into account

customers’ satisfaction — not only for short-term profit. This will make high quality products and services as

well as effective coordination and operation in the organization.
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Abstract

This research is to develop a process that can produce concrete with high precision in target
compressive strength. The process required 24 hours of curing. The quality of fresh concrete obtained from
the manufacturing process had good workability. The work was designed to control every step of concrete
production to reduce the effects of factors affecting the compressive strength of concrete. All ingredients
were tested for their properties. The amount of coarse (maximum size of aggregate of % ") and fine
aggregates (river sand) were fixed while the ratios of water by cement were varied to test for compressive
strength. Then several concrete mix proportions were produced and tested for compressive strength. Water
reducing admixtures were used in some mixes. Then relationships between the compressive strength and
water/cement ratios were established to be used for designing of concrete mix proportions. The results
showed that the absolute percentages of error for using graphs with and without water reducing admixtures

were 4.43 % and 4.56%, respectively.
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4\ a4
2) 212
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a = szAutpdnAnyneania Ae PUe H, We H, uas) Inetsnfiazinuunii 0.05 vise 0.01

C = AMUIUATBININAFDL 11U 4 NaN NagaUiTugasls 6
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b= - ) -/0.245b
2Tra’ | 2(4)(5%)

2. ANNALHAIUIU b 1138 AVUITN WiInAU 5

unupnadlu g= 1/0.245(5) =1.11

3. AU

A4ANAN NI LA AT URIAINNARIALARDL v, =(Tr-1)(b-1)=(4-1)(5-1) = 14
AIANANNITLAATZURY Treatment Vv, =(Tr-1)=(4-1) =3

4. ANuA @ = 0.05
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5. 11lmA1919 Operating Characteristic Curves for the Fixed Effects Model Analysis of Variance # V,=3
, @ (for ¢ =0.05)=1.10, v, = 14 1Namp1

e B = 0.70 visadaraniamagau (1- £) = 0.30 (Haall)

6. ANNALHI I b Ve A1u9LEY Wil 10
unuAtadlu g = /0.245(10) =1.57
arAnuTuBasT I8N AR ALAREY v, =(Tr-1)(b-1)=(4-1)(10-1) = 27
7. 1lARN919 Operating Characteristic Curves for the Fixed Effects Model Analysis of Variance‘ﬁl V,=3
, @ (for & =0.05) =1.57, v, =27 iemAn p
15An B = 0.40 vivalaunanisnageu (1- ) = 0.60 (failanat))
8. auuAlAWIY b ¥iFe S g Wi 13
unupaslu g= 4/0.245(13) =1.78
arAnuTluBasT I8N AR ALAREY v, =(Tr-1)(b-1)=(4-1)(13-1) = 36
9. 1tlmRN919 Operating Characteristic Curves for the Fixed Effects Model Analysis of Variance‘ﬁl V,=3
, @ (for & =0.05) =1.85, v, = 36 iemAn p
16An B = 0.20 visalaruwaniamagau (1- £) = 0.80 (1E15udn)
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