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Abstract

The objective of this research is to study the risk factors of machines by applying
the FMEA technique and propose sguidelines for maintenance of machine parts, beginning
with the analysis of problems, faults and effects. After that evaluate and make plans
according to the guidelines for preventive maintenance of machines. The results show that
the RPN value of the pellet bearing and shredding machine blade has the highest value of
36, which is considered as a high-risk level, it shows that when the machine parts fail,
causing the production process to stop and waste of time, which has been repaired for a
long time. Sometimes, the repair technician is unable to repair by themselves and affects
the delivery of the product to the customer. The researcher analyzed the root cause of the
problem by using the cause and effect diagram to analyze the cause of the machine
causing the failure. It was found that the lack of maintenance plan for the machine and the
staff lack the consistency in checking the machine before production. Next, use the risk
level of the machine parts and the manual of the machine inspection sheet to plan the
preventive maintenance of the machine before the failure. And assign the engineering
department to inspect the machines on a daily, weekly, and monthly, respectively on risk
level. It was found mean time to repair (MTTR) of pellet machines, crushers, coarse
crushers and grinding machines decreased by 2.74, 2.92, 3.07 and 5.96 percent,
respectively, mean time before failure (MTBF) increased by 30.00, 15.97, 18.92 and 18.75
percent, respectively and availability factor (AF) increased by 9.25, 14.55, 28.93 and 25.72
percent respectively.

Keywords : FMEA technique, Preventive maintenance, Cause and effect diagram



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

uni
maldvesusemalnadufiunnvanensnsn

Y
WnAign InenszendeguussAvgindiungn

Wuaasnluvsswelye fsunetus Smians
¥ w.a. 2442 wazdnisveneituiinegnau
191151 naneuduiiviasugiandiAnyves
Uszinelng anmawadsnangnaivnssud
Rertestugamnmiafulnduetmannvans
oty Tsanuthenstu TssnuusgUenauvias
gy 159ugaiosns auludslsauuysgy
lfg1annsn vinlasenelaliundssvanslu
vipadu
Fanasadiailudnuiawdndasiiléan
nsudsgulfonams Tasnsthdufivdeain
Tsadeslsl oun 1wls! Ynlsl uazuanelsl g
nszUIuMIURLoBanuLIAlRANas 21Nt
nszuauMsanANTuiiel ngAudanudud
wanzauiunszuInnssn widshudiaies
Snauguingavlvidudn Tneldussugadels
arsanduluiolifararseanun dwaliliinng
Anfundrszuisaiuieuliiuasiiensguves
Fouds uslusazifeafunisauguaudy
vodsiiingnszuiunsnanduliadedilianunsa
muauldilieiesdnsiAnnisindeanssyiuiu
(Break Down) dsnalvinanandilalaiifulumu
LeuAely wagdudrfindneenunfiaylald
ANAMALTIgNAABINTT [1] :nmsiiudeya
Jostunuinedosinsnianisigednuodis
Wuszuu idelalimnuddgiunszuiunis
ot lesannszuiunsiliunszuiuniavdn
vodlsanu §idedednuiadoidewenniosing
Tunszurunisdasiaiidsnadonisuan lag
Uszgndldimatin FMEA wagldunuisanvouay
Halun1sinsiesisinvesdam aueuuInis
thysdnuniudiuenaiesing Insldszesioa
waglun1sgeu (Mean Time To Repair, MTTR)

Volume 8 / Number 1/ January - June 2020

syoziianaduiowAnmnintes (Mean Time
Between Failures, MTBF) waztesidusiamumsion
Tunsldruueaniodng (Availability Factor, AF)
[2] Lﬂué’a%i’miumsU%’UU§aﬂﬂiawaLLmuﬂWi
Ussinwdedesiu [3]

IgUsTavanIide
1. ilednuadeidssvenniosdnsly
nszuunseadin lneussgndldinaila FMEA
LaziauaULIMINTTITad Y e sATesins
2. leUsgidiunuamanisungsinulagld
nann1sthssinedstdesiunardninuauns
Urssdnwndedesiu

52 U8uIBINY

nsenwaSitidunsinutaedeideves
i3esdnslunszuiunisdadia lnsuseyndld
wAlla FMEA waglauaiuin1anisungesnw
vouadesing Wnefldwutuneu fail

1) AnwanInni1siinauYeIlsnuLay
Anrgitymuagaruilunszuaunsdadia

2) Aadenuariiasziaiesdnamuaiiy
Inganardinsevnififieinseitymves
\n3eadnudin

3) Ainseiernsindeuaznansznuiie
AATIZROINITUANLAZNANTZNUVBIDINITVDY
FudruvennIesing

4) Yszdliuwwimansinsssnwilagldvdn
nmMsundnnsuneshydsdesiunazdnyin
ununsUngssnyelesiu

5) MalIguiiguran1saniunsuuyss
WHUNTUNSISNN

WNan1539e
1INASANYIMUSIAUTURDUNITIY LNE
ANSANWIMIUTUNDU A9



sansimnrsmalulagigaamngss : amanesETRRnEIEBI

07 8 Uil 1 1AauNNTIAN — 11 2563

NANTISANEIENINN5NH19TUYD915997U
wazdnszildyvnlunszurunissnde

AsTUIUNSHARTINadAiaUsYNaUME 6
Fumou BuFuaINMSYTId0sndeainns
Bewifiadngnszuiunisdauda aunsediads
NITUIUNITUTIY fitumeuuazafunIiey
wanslumsnadl 1

AN599 1 NITUIUNITHEATIIASALA

FouUn3aA30TNTUNTEUIUNITHER Fauandly
M5 2

a N ' ° a o
M19199 2 LafildlunisgeuUn3eaITesang

$18N151A3099N3 1287 (Ud)
1. inSesdniin 705
2. 130edy 6,055
3. \3asunazSEn 4,110
4. \A3a9UANEY 3,730

NTLUIUNTIITY

JURY

[1]

1 n15uTLd08910
nsTUILNISLABELN
WiuluuSnuaiufiu
nghiv

- P
A59PETLERENT
< =
tAvvealsaauuni
2 nsTUIUKENINgAY
LAENTEUIUNIS

Sondln

ASLUIUNITE NS
TngAutiodaidn
eI ain

AEUILNTOALIA

nsdeingAuidnly
TuiiAunazinSoy
NIPUILUMIUTT

NILUIUNITUTIY
TagRuiiielnieuns
degan

Ya o o

nduITeyinsiiusiusndeyanand

U
D |

LAIDIINTUATDINHBIINNSTRUDE1LTIAIU AD
A a a ) a A
nagayidsveunIesdng wieamidlung

91nm15797 2 wudn wdesduldnanlunns
sziauﬁwqamﬂﬁqm 5990970 h3BunasLByn
LASDIUATENU LaslASeesn mudy Taelan
AAlunsgeutigasindiu 14,600 udl uaziile
frsanauivenaiosdnsiianistadedly
nszvrumssasindauanslugui 1

douarmudvaaaisadnaiemsdedadlu
asznumsdadia

a0
20
o

PR 4 P " 4
wATBaAdA winadu IRTIUAANIENA  WATEIUARETY

UM 1 mudvesasesdnsiinnistntes

ﬁ]’]ﬂ‘?JIEJJJuaﬂ’J’ma‘UENLﬂé@ﬂﬁﬂilﬁﬂﬂ’]i‘ﬂuﬂ‘ﬁaﬂ
Tunszvounssaia wuih dapmidenafsnniiae
ANNLATEIEU LASBIUANEU IASEIUnaLLSEn
waziAdessauin mudiy s 152 Ads lusves
a1 8 e Fsnstadeveaadesdnsiiaud
Aoudnags fideddlinudrdyiuiniosins
Fananiiinadonszuiunisnan wavihdudiu
YaumseadnsTiimstadesluimseiseoly



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Aadanuazinsieiasinsmuanaings
uwagAaseviviiiiednneitymusasiasing
Tunszuaunisondia

gadeldn1sdadduanudidgylunisves
Faidontudiutaiesding InedsnnsAadsas
¥min (Weighted Average) anminausiona & fu
[4] Tngen X, fo Avuuuvenaeidud n Tu
nsUsEIuR udIuIAT NS Feftueiuunun
FrnssuUngesnyvedlsundndiuiadade
Jufndimuaspzuuuiaslian W, il

1) ausnndeslunisldnuiuduaissng
Ty W, wiuendaimin winfu 20 wWesidus
WIDWINAU 2

2) uEIASoedns Uy W, unuen
shatmtin wihiu 25 Wesiudusewhiu 2.5

3) szeziian Mdlunsdouwsuviodeu
NewnuTUEIAIesdns Tfuny W LNUAINI
Yt wihitu 25 Weddudviewindu 2.5

4) wanszvuRetudILAIeinsBy 1ile
Fudruifansauninanudens Tfunu W,
wnuAdrsindn wafu 30 Wesidud nde
Wwinfiu 3

mﬂﬁ?u‘v‘hmiﬂmimw‘ma?{ammﬁwﬁm
YauaAIDIINS (Critical Component: CC)
Faaunnsi 1

=1 WnXp

CC =
=1 Wn

)

el w,de  wagaudadiniinvesdade
X, #o  pzwuuvesiadeii n

Lﬁ'aﬁwmmmmLa?{ammﬁwﬁmaﬁudm

Resdinsudthafanauinnsaitemngs

Volume 8 / Number 1/ January - June 2020

A1PUAIINAIAYVOITUAIULATOITNT AL
uansluninei 3 [4]

A3 3 INUTIARUANINAIAYTO9LATOIINT

v . . Anae
. o anwazn1sUngesnen . o
ARy : AUEAERY
dagunn Tesuanuela
A Talunsthgedneniu > 2.75
0813
B dAguunans l8sum 2.01-2.74
wilaldlunsungednwm
WOANAIS
C dagytios Ta5uAuLen <2.00

Taldlumsungasnwlinnn

desmuainusdiduaiudifyaes
\3eadnsudn fidouaziiudieimnssuves
TssnuiliAateslunismiuauinissingues
nszurumssauda lasufudndontudiuves
wiaednsfifnansznudenszuaunsdada 81
winsdnsiadadlaaiemilainnisdndes
nsrUIUASHAR a1 saniun1snannelUls
Faasesdnslunszuiunssadia wisesndu 4
518115 1oun 1eesdnidin w3esdu tadesun
VETULaLIASeIURATLEEn wasAadentudaui
fiaudfyfuiniosdnsuiazsnenis 1uau
18 Fudu IG]EJLﬂ%ﬁ]ﬂé/ﬂl,flﬂﬁﬁ?ﬂu’m%ﬂﬁ’mﬁﬁ’ﬁm
$1U 6 Fudu 1A3esdU 1ASeIURatIBn LAz
LPSIUANEIU ﬁﬁﬂuau"ﬁudauﬁﬁﬁm 91U 4

v
a

JUdIU @1UITOLARIANLAAYAIUA AR UD3

Fudu benansnen 4



sansimnrsmalulagigaamngss : amanesETRRnEIEBI

07 8 Uil 1 1AauNNTIAN — 11 2563

A1919% 4 ARABTUAIULATEIININE ALY

NERINYINNTIRA W UL AR VT U

4. L e 4 o o o o o 2
semetesdng dade T wEssdnsansnagUa U md AestudIy
A kY ' < ' 3
N *—  1AIe%InTgee Wunau A, B ag C 91wl 7
(GELNGEIRTY s o v - 1
— 205 . uaz 10 TBMINREIAU FITBuaziiua LTy
Ey— 18 c nsalAnwlavinnisidentudiuiaiesdnsnd
wiiudau 155 c ANuERIINTUAIRUANLEIAEY A waz B 91U
gntu 285 A 8 T18MT UTIATENANNYULANURANAIN LAY
Hondaniuvau 23 B . a 4 A o s ~
PR NaNTENUABNTINARLI BRI DI NTANAMIESY
UBLMBDILAIDIDALUN 1.3 C
\309du
gL 1.75 C N159LAT1ZNDINITTATDIUAZNANTENUY
luil 235 B OILATIZHDINTUANUAZNANTZNUVDIDINTS
L 123 ¢ Y29UdIUVDUATDIINT
UOLOSLATIEY 13 C - P -
aeunnzidn | ﬂmLmuu@maﬂw?umwmaamwaa
=) LY LY a o = o LY
Tudeuunasiden 15 C LPTDINTLUNTEUIUNTEAEANARIEDNIINEIFU
unulufeuunazden 2.05 B ANuAAY 8 91813 IneldiaTasiie FMEA way
PENNTIO M. 22> 8 fiamsonen RPN wieAneileudediindunas
UBLABDILAIDIUNALLDEN 1.25 C o A a .
- TunsAndenlneuszliua1nuTuLss (Severity,
LAIBIUAUYIU v . !
T — 15 c SEV) lenalunsiiadaunnses (Occurence, OCC)
wnuluReuuAvey 2.05 B LAZANLNSOLUNNTASIANUTBUNNTBY (Detection,
AZUNTI 22 3. 235 B DET) Annadlaanaunisi 2
UOLIDSLATOIUNAZLD YN 13 C

RPN = SEV x OCC x DET 2)
FINUNNFUSTEIUD 19BN [5] A9 4

A15197 4 LnausATLUUNIgAYuAAT SEV, OCC wagDET

aau snausinisindula
ATWUL occ DET
5 Soliuszdugunn fewmindma  farmgyidofntuvesldiigndar lifnisudlonazaiunu
NITNUABNITUIUNTINANAIIY ogluta 81-100 vesduiuafives nszuaunaslunisnsnadu
Uagasf mudemevenaiesing  Jymildntutomsluauian) FounwsesiiAntu
4 Falfidusedvgaiesaindna ﬁmmgzyl,ﬁmﬁm%uvlﬁﬂaa @y newiEmsuilouslifinnsaivay
nsgnusensyUIUnISHaR virlins  Turae 61-80 maﬁwmuﬂixwaaf]iym“‘ NS8UIUNTITIUNITATIVIU
Uithounsdumoudomeestn  iatustsusluaunan) founwiesiiiiniu
3 Flidusevtunaadosnnds  fmugydeiatudoutrees @ fnisudlouazarununszuiunis
HANSENUABNTEUIUNSHAAUNEI  Bglugie 41-60 gassuundives  lusedudaunanslunisnsaadu
vinlnsuuRnudades HomiliAntutsualunuien) Founnsesiiiniu
2 FolnOuseiusn 1lesandana ﬁmmqiyl,ﬁmﬁ@%umu q A% fnsudlokazaiuanssuiunisla

ATLNURBNTLUIUASHEAR WAl
TinsufiRnudades

@reglurag 21-00 vosduIuATs
veslgymiiinduismualuaiuian)

A15M5293UTpUNNIBITLANTY
Hululalnedmluda

e a ) & v a
Lifiwatienad s miselusssii
voreunmsemiu ssuanvniione
AENIUBLNDIIIRDNTLUIUNITNGR

o 3 2 & v <
fimnuagdeiaiudesuinuieli
A .
weiintu @enoeTugg 20 vesduu
aswestlymiinTuisviusaliueuria)

finnsuflasazarvaunssuiunig
len1sasiadudeunnsesitinty
Wululegrawiueulaedmnluds




The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Volume 8 / Number 1/ January - June 2020

1599 4 iflefintssvuanasivssifiussduanudesiiintuuds andulide
Anspinuinunzaudsny wasanszuestudmaiesdnslunsruiumaniosngin e
meneziuL RPN vesusaslamlfaenndostunansenuiifiniuaswnnitan (3] Ineseauanudn
Mnfiuiheimnssuvedlssny duandlumsedl 5

A15°90 5 AadnuuraNudemenasnansenuvetudasadnslunssuiunsnsessaudn

AENYME ann)

2 4. NANSENUIN . PEIGETTGH
FuduLAIe9INT YBIAY Audnwz  OCC o DET RPN
o gL VT Tullaglu
Hevne Anudenne
a v &
FENILLATIBALIN ATINABUANLA
AW lafanansa WRannsidend YBIEYNIU (FD9
Woudnman  LiuATes sgodngdu 2 hiflwaswgeu 3 18
Sou nansold AENU wuluyiveannns
Hendanenwiu
= a‘ v
anluiasasdaudin
lalgnunsa WAnRIN < ae  a
» o - WwhassUnugnidu
anTuusn LAULAS DY 5%d Coa 4 36
o e fouLAuLASDY
nansiald Tadudngniu
@ = v
Uanganuuwdau B
= lalgnunsa - . Fuilonau
a -~ 1Anandu .
WndIinu LAULAS DY P, 2 weuszanadlalln 3 12
o s doauduauiuly o
nansola wtuauAuly
=3 v a
. wianiluiie
Uszandnimnig . . P
o o oy fdondn Anviadues
Tulindy  duldanaseinli . . 3 36
2 ¥ wuUay Julane
Fusulwgau) o o 2
ylvluindu
Y lalanansa msidendvedly
wnuludou o 4 Y e
" LAULATDY AauTnY 2 hidEnseuan 5 30
dnuse o o4
nansola LAULATBY
ATUNTS 6 U
¥ lalgnunsa WAnanluAeusu asadaludeuli
ATUAT N - .
U p LAULATDY AYULATINOU 1 flsgaysingan 3 6
150 o v a4
' nansola LAULATBY AYWATY 5 L.




sansimnrsmalulagigaamngss : amanesETRRnEIEBI

07 8 Uil 1 1AauNNTIAN — 11 2563

A15197 5 (5id)

AANBME a0 -
24 NANTENUAN . 35n1sAruAY
FJudruaasdng YBIAY SEV AnSNwME occ o DET RPN
AUdeng ; Tudaatu
Hevne aMudenng :
unuluReuunvienu
Y lalanunsa Asidendvng
unuludeu 4 Y i~
- LAULATBY 3 TuAouve 2 Lii8nnsmaunu 5 30
nansola AULASDY
, - Y asdalufeu
lalgnunsa Wnanludeu e ssmsring
AZUNTITI3A AULAS DY 2 YUALUNTIVUY o 5 6
. 4 MNALUNT
nansola AULASDY
1131,
o : 2,4
PINANINN 5 LL@AIAT RPN U89 UAULATDNRNT i e
o w oa S » LASBIINT 3N
lunsguiunisdaldaidruiniian fe gniu i N,
n5es0nuin uazlulinnsosdu A1 RPN winfu swfoddad | umahein
y ) v o He I - fnsldauiiviin - NAANNG
36 LU8991nAT RPN tUUAIINAIULALIUDY @
anngidwasensinnuveuaIasdng [6] {33y e U
Tumsrgednm

Foihnsiieneiannnvesanudonie Lite
Menulunisuilalagvikaznisiauaulunis
Ungasnwsialy
Uszilivuwuanieanisungednuenlaeld
nann1saunannisUngeinetelasiuuas
aviwnun1sungesne ey
A3devn1simaensnveslynineld
WHURELURWALHA (cause and effect diagram)
FUAUANNIAINTTNVRILTNIY FIUNANG
veslgmoanidu 4 a1 laun AMuLssnu au
\n3esdng Mudngiunaziuitnig (3] ield
Wudeyalunisuszifiukazinauanunisuigs
Snwidetlesiu fuandugud 2

- PN IIANTINGAU

Inafu 315

JUN 2 unudauvguasug

nsaasiganmneslaynilagldunud
auvnuAzNG FIgUR 2 WUdn FuLTIay
wiinauaruauiAIesdnsvinn1uilunis
trgefnwiuazniinaudiedanssudiviming
douv1savianuasnanslunisnsiaida
\n3osdnsrountswdn Jedanaliiedesdniin
nstadosluseninanisnin uazdmalii
NITUIUNTUYATEIN

fueTesdng sruunshaueeiosdng
Aouthaiuaz ingauiiinginiesdnslaianunsn
AIUANAMAINLATUTUIAINTUAIHa
i3esdngvienumin



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

F1Agns ludnidiulddaauiinnns
Naunulunsisednudmaliaiosingin
QUPRITNIGE

autngau Tunsrandanadadaliaunse
muammmwLLazU%mmmmﬁuﬁnaﬁmqﬁu
Aeudndnsyuiunsndnla esnnmalsanu
é’qmmmﬁmmﬁmqﬁuﬁﬁ

Taoits 4 aungdananaduannamuind
daaliiadosdnslunszviunisiinnistndes
ot nsanlemfinaIf BN AUALLIIVI
vdnnsthgssnwiigniies ileananugade
Aatu H3381A RPN vastuniesdnsulylu
nsuUanasissiudendu 3 szdu Ussneudae
'wﬁummﬁmqa (H-High Risk) siazuuuegluge
31-45 syeutunans (M-Medium Risk) Haztuu
ogluts 16-30 wagsziud (L-Low Risk) 1-15
Fadwnnen RPN g uaned anmziiufinumdon
faznoliian Jamlunszuiuniswdn (6] &
wandlunnsnd 6

M15197 6 A1 RPN VD99 UaIULATD99NT

. Judau A1 RPN SEAUAT
du 4 v -
pt 1ASasdnsUeY 23N AuLdeg
n o o o
Sasdnuin Utlee H M L
1 andupses
Y 36 H
doudin
TulioASosdu 36 H
unuludeu
o 30 M
unazLden
aq wnulufeuun
30 M
e
5 AWIULASEY
v @ 18 M
doudin
< = £
6 fangnnun
12 L
wuau
7 AZUATI 6 1. 6 L
8 AZWATY 22 4. 6 L

Volume 8 / Number 1/ January - June 2020

NS 6 UanIAn RPN Y8stud AR e
Tunsyuaun1sdasin Tnswdsseiuainudes
seuge mnefla Suduedesdnsiifemstades
ilinszuiunsuanvgaveinuazgaidanan
doua3esdnsdunaiuu mm%ﬁwﬁauﬂﬁqq
ldausadeuedls waznsenusranisdauau
dumliugndn leud gnduiniesdaiinuaz
Tufiaa3edu ANuABssEAUUILNaNS Muneds
Fudedesinsiinnisindessilinssuiunis
HAIVYAYEIN waznandninadenie laun
wnulureuumazlden wnuluApuUAREIU WAy
aneniuaiesdadia wazanudessus
wneds Judiuadesinsiinnisindeailitlsl
anunsaiuaiessield uildiRnanudsmene
Hanan loun Hendaniulau Azunse 6 U
LAZATUNTE 22 13l

Faimntuduveseiosdnsfinnudidnyde
nsyIuNssae Smndudiumanininaing
Henne v3eiinn1sdninagdanalinseuiung
waavgavzin §3deddddmsziuamnudsses
Fudedesing LLaxﬁmimfmjﬁamaam%"aa%’m
aaﬂLLUU‘LummaaULﬁaLﬂuLquﬂwsﬁwqq%’ﬂww
Fedlosturenniasdnsdouinnisdades uay
panuuulunsivaaunIsUngesnwIkasiinig
asavdeunsessainduseiu sedUaniuay
oo mudIsunudes dwaliaieadns
AANSTAYDIaAAMALENINTAAIUANNTEUIUNT
nARlE ey

n1siUseuiguran1saniiun1susuyse
wnuNsUN5eENEN
nean13n1sUngeinwneunsldununis

o o

U139snwdseuiieuiundanisldununis
Un395nw1 wud Tunsalfivaesliesesdnsiin
nstadeavirliiinnsgaideiailunis

UHURU ALY Areglualunisdeanings



sansimnrsmalulagigaamngss : amanesETRRnEIEBI

07 8 Uil 1 1AauNNTIAN — 11 2563

PiToideyaisusmmiesziie g
maﬂswmaznm‘ﬁ'qzyL?{ﬂlﬂlums%amlﬁumm
avadilaeld szezanaaslunisdon (Mean
Time To Repair, MTTR) #3184 SruvaLRAY
mmqumﬂ%"amﬁaﬁiauﬂm Tagtaaniild
Lﬁa%auﬂﬂqqﬂgwmmﬁmaﬁa \iensivaeu
AINANNITN ANUEINIBVBINTTYOUUIT R
anunsarwaldraunisi 3

HATINATDUUNTS

UIUATINVE YR

33&13nmméarﬁamﬁmmﬁﬁm%m (Mean
Time Between Failures, MTBF) \Dudaiivadas
AU deiievenaiasdnsdauntosils
161 MTBF fiAnanamunedianiosdnsiuunm 9
Aanstadosnsmils uadnAr MTBF Sdntos

NU1YDILATDITNTTLNUNN1ST AT ANTU
URYASI AIFUNITN 4

LIANYILATBIINTAUNINUA
MTBF = = S 4 4 o o (@)
TuuassnaTednsde

dleduamiea MTTR was MTBF wio¥a
Uszavuatiuazialagldiuofifusnundonly
nslduvenadesdng (Availability  Factor,
AF) fawansluaunisii 5

nasuMsE — LAY
F= = (5)
LIATUNTTE

HaINATiTeugUNaULAENEaINT 1Y
WHUNTUIT9SN Aauanslunisnedn 7

M19199 7 Wisuisuneuwazvaansidununisingesnm

\AS09dNs MTTR (u1#) MTBF (u1#) anuwsauldeu (%)
oy A9 fiay A9 oy WA
UFuuse USuusge USuusge USuusge UFuuse UFuuse
m?fmé’mﬁﬂ 70.50 68.57 291.20 416.00 75.79 83.52
Lﬂé’e]»i’seil‘u 106.23 103.13 220.07 261.33 51.73 58.15
Lﬂé@\iﬂﬂauaﬂﬂ 111.08 107.67 169.51 209.07 34.47 48.50
Lﬂé’e]»i‘l]ﬂ‘wﬂ’]‘u 77.71 73.08 130.67 160.82 40.53 54.56

NASINUTY UL UADULAE AN LY
wnunsUsesneielesiu ne3deliveya
w3nednslunszurunissaiaunuIsuiiou
nauuarnaINIsUTUUTE nui sreznanadsly
n135%ou (Mean Time To Repair, MTTR) 484
\Aasdnsia 4 LAdesanas widunalddnnis
anasraudaden 1ilesen nszurunisden
iasdnsiiieiinnistades 1993 s1Ru Sni
mssenetezlvadsesreutinwiliaiedns
Foamgansvay ludiuvesszeziianedsneou

Lﬁmuﬁ;%’wﬁ'm (Mean Time Between Failures,
MTBF) wazanundeslunislduresaiosdns
(Availability Factor, AF) finnfuTueghafivld
o Fananldirdmnyniudiuveaaiosing
lasun1sUngesnuiniusauianazdsnali
wasdnsilszuznanlumsvhauneuiiavdndes
diuszeznatlunsdeuanas wazaundesly
msldnuiuausnde

- 10 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

dsduazaniuse

nMdeilfiagUsasdiiodnunadeides
vourdasinslunszuunmsdauin Ineussgndld
wAdla FMEA kaglauauuInieni1sungeing
yoaA3eaing warUsziliuuuamanisiigednw
lagldnannisaurannisinsednyidedesiu
wazdnaviwnun1sUngednyudadesiu #aain
M58 wui Jgmaeanseuiunisonda Ao
\n3osdnsiinnisdndesetnangviuiu ilesan
P1AN15919uN U150 395 nwed 1 luszuy
dsraliiAnnariigydeveanisadns visia
Mdlunisentiguedeadng wazddlinzny
Gia%udawaam'%aﬁﬂﬂﬁaLﬁmmi“{h;ﬂ 38
Wemeua vilinszuiunisudnaveavedn 910
NanTIdeNUIn A1 RPN vasgnduladesdaiin
wazlufinia3osdu damnnilan winfu 36 waz
Faeglusziuanuidesiigs Tunuioainuin
Fudruaierinsfidanistndesiiinssuiuns
nanvgavzinuargadnadeniadosingidu
nanunu uiedmsouthdliiannsgouies
19 wagnsynudenisdsuevdualiiugndn
AIdevinsiesgisinvesdymlagldunuds
auvAlazNa WoIATIE e veAesingT
AANMITATDS NUIVIANTINUNUNITUIFIT I
in3osdnsuagniinauvinauainauelunis
anaidaineadnsiounisudn wagldaszdy
AuLAssrestudiuindosing PG HELER
\n3esdnseenuuulunniadeuLitonnsununis
thgefnuidedesiurenniesdnsnouinnis
TadounazliununIAINTINYIIN1RTI9d0U
indesdauindusetu :1edUnv uarmeldou
pudduaandes wuln srezaedsluns
douvosnIasdaia 1adesdu tATesuanyly
LazlAS0IUnaLiden anasiosay 2.74, 2.92,
3.07 wag 5.96 MuAWU srezaNadunouin
wndndes iiiudufenas 30,00, 1597, 1892

Volume 8 / Number 1/ January - June 2020

war 18.75 awadiu uazaunieulunsly
suveaiesinsiisduiesas 9.25, 14.55, 28.93
WA 25.72 mud1au andeyananariuandliii
Junaiia FMEA asnsadianmszdunuides
voatasesdnsuazintoyailduiviinising
wumstgednuidedesiuivansauveausiaz
wdosdnslidumnasgulunsiisednudanuin
dasnundoulfuuazaiiaadosening
Anudsmerasaiesingfistu uenanissd
F1uauanuilunisiinanudomoanas [7]
aeandediy [8] MTASs UhgsfmwiBedostu
vuilugrumnuimnuindefiefiaiuisnaniag
gadouazifinainunionlunisldaulisy
\A3sdns@ [9] Fananaléin FMEA annsaliis
Uszandamlunisseylymuasnansenuves
Haymiifisenszuaunsidesneaa

AnRNIsUUsENA

v
o A

nuAdeiiduiagarlimeanuniuiuag
=

ALY IYLAADIINBRUNIAINTTULT I UKAR
Frnasainludminnsa

References
[1] P. Kaewsaithom, "The Applications of
Reliability Based Maintenance for
Reducing Downtime in the Sample
Paper Factory," M.Eng. (Engineering
Management), Silpakorn University,
Nakhon 2011.

[2] K. Rungruang, "Alternative: Preventive

Pathom,

Maintenance Planning for Industrial
Relay Machinery," M.Sc. (Engineering
Management), Dhurakij Pundit University,
Bangkok, 2009.

-11-



sansimnrsmalulagigaamngss : amanesETRRnEIEBI

07 8 Uil 1 1AauNNTIAN — 11 2563

(3]

(5]

(6]

S. Wongjirattikarn and S. Ratanakuakangwan,
"Improvement of Preventive Maintenance
Planning of an Automobile Shaft
by FMEA Technique,"
The Journal of KMUTNB, vol. 23, no. 3,
pp. 643-653, September - December 2013.
S. Sinlapapiphat, "Design of Maintenance
Plan for the Multi-Plant Redy-Mixed
Concrete Industry," M.Eng. (Industrial

Manufacturer

Engineering), Chulalongkorn University,
Bangkok, 1994.

T. Juntasom, "Process Improvement by
Using FMEA and AHP in Dyeing Section
in the Sample Factory," M.Eng. (Engineering
Management), Silpakorn Universit, Nakhon
Pathom, 2010.

W. Punyangarm, "Failure Mode and
Effects Analysis (FMEA) for a Maintenance
System Development: A Case Study of
Meat Processing," Ladkrabang Engineering
Journal, vol. 33, no. 4, pp. 24-31, Dec. 2016.

(7]

- 12 -

S. Silaard, Machine Productivity Improvement
by Preventive Maintenance Case Studly :
Beverage Industrial, M.Eng. (Industrial
Engineering), King Mongkut's University
of Technology North Bangkok, Bangkok, 2008.

S. Samrit, A. Kengpol and S. Talabgaew,
"Reduction of Downtime Loss by Using
Reliability Theory Based Preventive
Maintenance: A Case Study of the
Concrete Industry," KKU Research Journal,
vol. 16, no. 2, pp. 145-158, Feb. 2011.

P. Pahakij and A. Krairit, "Integrating
QFD and FMEA for Customer Satisfaction
A Case Study in Automotive Industry,"
The Journal of Industrial Technology :
Suan Sunandha Rajabhat University, vol. 5,
no. 1, pp. 13-23, January - June 2017.



The Journal of Industrial Technology : Suan Sunandha Rajabhat University
Volume 8 / Number 1/ January - June 2020

NISWAILILIWNRLATUUUTTUUATAUMANTANEAS

= B‘l 1 a =
LWaNISNLYAIDARVBINUINAN N
o a o1 a 22 o oo a1l oa 4 e ]
U39 neud |, As1ydl Leges, dygudl dudsshivg , Wemils weAug
'meingiemansuazgiansaume anzdsaumans aminerdoeiuniunsiln

2 a a s a '3 % '3 a % o o
F1UIPIQUANEAIUASHNETAUNA ANSUUBYANEAIUASTIANAITAT UAMINYIRYINVAHFIUFUUM

Email : parichatw@g.swu.ac.thﬁ
Received: May 16, 2020
Revised: June 16, 2020
Accepted: June 19, 2020

UNANED
MsUseiuduAen1isuty ddadevatgeganvinlminAinainedeu 5o ANDAR LU

v v
v Ao

ATM59939 Lﬁﬂﬁlé’ﬁhﬁgﬂé}'aﬁqéfadﬁ’m’liLLﬁﬁi’laﬂadauﬁ’m*ﬂ%’ Fathy nsAnwASItIingUseasd
Wewmuiwazageusenndindud msunisuilodiorivesuainaiiisuuussuuansaune
plimans éﬁazﬂaé’mwﬂﬁmﬂmamummﬁaugﬁwﬂ .. 2552-2561 Wuszeran 10 ¥ anaaniinsiatn
Mty nsuenfienivel wagdnsnNInNTeeEuTIBABNAINNINTIINAILATILTIEN GPM 1131
AIMAIAR (Bias) Way daulilsuaugndesiien1susuuiaand 2 35 laun nMsusuuinieis
wuuUIn (Additive method) wag n1sUSuwimedsuuuan (Multiplicative method) wu31 Fauuy
ANENLTNANA1DARYBIUTEINENTINTANVBMUYBIANITEN GPM launnndn3Buuuuin 3ein3s
wuugasnaaduilvidutenndinduuulsunsugiiansauma dawanismagouuszavsamnnsld
nunandliFuanugndesiifutuiadainnm wediiui lnedussaninmiiigadeldiutoys
dufiisnsinsanuiunans dau'ej"mﬂmimﬂsuaasluizé’fuqﬂLLazﬁwLLaW‘wam%uﬁﬂss?ﬁm%mwammm

ANEARY : MIUAAIDAR, WY, ATITIEL GPM, Wenndiaduuussuvansaunaginans

- 13-



msmrsavntamalulaggaainass : snianenagsainagIion

7 8 RUUT 1 1ApUNNTIAN — AU 2563

Development of GIS Application for Satellite Rainfall Bias Correction
Parichat Wetchayontl*, Katawut Waiyasusriz, Kantamanee Sumpraditl,
Piangnueng Nongnang1
1Department of Geography Faculty of Social Sciences Srinakharinwirot University
2Geography and Geo-Informatics Program, Faculty of Humanities and Social Sciences,

Suan Sunandha Rajabhat University

Email : parichatw@g.swu.ac.thﬁ
Received: May 16, 2020
Revised: June 16, 2020
Accepted: June 19,2020

Abstract

Rainfall estimation by using satellite always include uncertainty or bias due to
many factors. To obtain better accuracy of satellite rainfall estimation, bias should be
removed. In this study aim to develop and test a bias correction application based on
Geographic Information System (GIS) by using 10-year (1998-2018) rainfall dataset from rain
gauge providing by Thai Meteorological Department and Global Precipitation Measurement
(GPM) satellite network. The two rainfall datasets were used to calculate bias values and
correct GPM rainfall with two methods: additive and multiplicative method. The results
showed a better performance of bias correction on multiplicative method when applied to
GPM rainfall. Thus, multiplicative method was used to develop as a bias correction function
of GPM rainfall in GIS application. The testing results revealed that a bias correction
application works well and improves accuracy in both quantity and spatially distribution.
The application showed best performance when applied to rainfall with moderate intensity

and lower performance to rainfall with high and low intensity, respectively.

Keywords : Bias Correction, Rainfall, GPM satellite, GIS Application
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Abstract

An experimental study has been conducted on the performance of a solar
chimney window with small ventilation fans that also function as an air ventilated stack for
moisture content reduction of a residential house. In this study; two rooms without air
conditioner were tested, each with a volume 30 mS, one of them served as a reference.
Two small fans were installed to supply ventilation corresponding to the number of air
change in the test room. Data analysis was made to determine the moisture reduction and
heat flow due to ventilation, which were ranged 0.141-6.16 g,/kgy, and 0.6-18.5 kJ/kgg,,
respectively. In addition, heat gain through the window was considered. The result showed
that solar chimney window could reduce the average heat gain by about 10.24 W/m’. The
experimental result pointed out that solar chimney window is very effective for reducing

moisture and providing the indoor thermal comfort.

Keywords : Moisture, Thermal comfort, Solar chimney window, Ventilation, Heat gain
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Abstract

Measurable, Reportable, and Verifiable (MRV) system is an instrument tool for
tracking the performance of greenhouse gas (GHG) mitigation actions, especially Emission
Trading System (ETS). Therefore, it is important to study the MRV system for such program
to support future monitoring. The objective of this study is to create the guideline of
monitoring, reporting, and verifying GHG data for plastic converter industry using in carbon
emission trading system in Thailand. Data related in this study were gathered from
interviewing stakeholders, meeting, and research papers. Boundary system and research
methodology related with GHG assessment were examined. The result was found that the
level of greenhouse gas emission from plastic converter factory participating in this program
was in the range of 22,000 - 26,000 tCO2/year. The obtained data in this study indicated
that the proportion of greenhouse gas emission of 97 percent generated from the
electricity consumption, while the residual of 3 percent came from fuel consumption using
in mobile sources and others. However, the emission factor of electricity production using
in this study should be improved because it does not reflect the technology that power
plants use today. In the future, it may need to be further studies to determine the degree
of uncertainty in the data to reflect the reliability of the MRV system for the emission

trading scheme.

Keywords : MRV system, Plastic converter industry, Carbon emission trading system, GHG

emissions
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Abstract

The objective of this research is to study heat gain reduction and convective heat
transfer through the ceiling by PV ventilation system. The roof of the test house is an angle
of 30 degrees. The dimension of the room as (W:1xL:1 xH:1 m). The results indicated that
the attic temperature is 47-48°C. The upper ceiling surface temperature of reference house
is 44.5°C, which is higher than the test house 3.2°C. The bottom ceiling surface of the test
house has a maximum temperature of 41.5°C. The maximum temperature difference at the
bottom ceiling surface is 4.3°C. From heat transfer through the ceiling, the house was
equipped with a PV ventilation system shown lower temperature values. The highest room
temperature difference of both houses is 4.2 °C. The number of air changes (ACH) is 127-
132 m’/hr. The convective heat transfer of the house with PV ventilation system is lower
than the reference house throughout the day about 190 W/m”. K. The average percentage
of heat gain reduction through the ceiling during the day is 30-34%. The result of installing

a PV ventilation system can reduce the amount of heat accumulated in the house.

Keywords : PV ventilation system, Heat transfer, The convective heat transfer

-40 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

unidn
seBvanannAisiofindazusiinungs

a1n15nsefiinende wdsa13adudiunied
Fudatuuasuamundian [1] arudoudiudae
gnanedungusinviedldngenn wagluds
UITYINIAYBINRY AIEIDNITUT NS LagAS
WK Sd m@ﬁ?jﬂﬁﬂiﬂ@iﬂ’]ﬂ%’i’ﬁﬂgmé’qmLﬁa
ann1swisidenindidngsidiu n1sldndenn
azvioulas Lazn1IAIUANNITIHS A LITlan
msgsvuuduenianielutiu [2] nsusudse
Auandfn1sagviousdoriindvasianvasen
itoraedesfunnudouaranvesituiansuen
[3] uonanmsdenléfaglunisyandanile
anANIsanewmaLToudigfituuay [4] &
WAUINTTTEUIEANNSDUBBNINKBILANAIAN
n3amUulaenslsEUUNAaNSEUIERINA
swiulalasreulnsaiaes eanniszanudou
ﬁazauagim&ﬂéﬁ/«é’qm nsAUANTBIsTULLTY
NSAIUANNITIILVINARNITEUIERINTA 371
MsnAaeINUIsEUUHENEsulnifes 30
W wazann1szanuseulseanm 250 W ity
WAL 100 m” ansadununiely 1 - 1.34 T
dloldluresfifinsusuernaiuas 4 - 8 hr/day
uanand [5] naaeufndeinaufnutssingn
91n1¢ (Propeller Ventilation Fan) 374U 7 62
‘i]’]ﬂ'ﬁuﬁﬁﬂiE]UﬂZjiJSSEJSﬂNJJEJﬂVISQ‘Muﬂ 225
m lnsgaumniennmAanasdnidudosay 26.6 49
fou [6] laviinsnageulUSeuLTigusEnIng
wdsmnaaunsaThly (SRC) fumdadsiuszuie
DINIALUUSTINTIRAIANAUNAAUATZUANTY
(RSCTV) Han 1snaaesnuindudinadamdenn
NaiusEugeIne gy wagANTun ey
YosnnithuiRadmdinnnouniaiialy
d1msuUsenalnaudin1natusa@nag
a1findiUszimainisieTutedssedinfu
18.0 MJ/m’-day [7] awiiuinusenalneian

Volume 8 / Number 1/ January - June 2020

AnenIMnauLateIingAaud1ege 398n1s
Wannnsldssuumaduasenfindunfndaiioan
mslamdsauladia Feilidnisiissuundann
Wwankase1inguUszendlyszuigainiaves
TEndsnsautuinaulnii Seauisadivan
AMUFoU Hundenndddidiulafingd dle
naasnUSsuiisutundsmeeuniaviluussana
Sevay 56.45 [8 LLmﬁﬁummﬁumammmﬂu
ausdusenainesusueniatuduns
AuFomdsnuassyuuuiuenie YAAIUAN
Waauszurgenaldgnimuiouddam
AeNa13 IAENIIAIVANNITIZUILDINIAAINITD
Useudandsnulniihanmsssuisenmeduiis
IgUszanns 15% [9] Feazuiuldinainnisinga
WAANTEUIgDINAANTTaaNANSaUA8 T
voddudinvdonelutuld muddeidsednm
A1AANISENEINAINNTDUIINATNIAINUS DU
druflimaulaenisinaessuuRnauszune
DINFARELAR LA TING

InUsTaeAYINITIdY

v
a v A=

NuITelFnwInsannisatenalLsou
nveanasal Ul e ulaeldssuuwad
WEID7NE LATANYINAVBINISAELNANNS DU

Hui e udngdidhumeisnismnanuieu

SnunvesdiunndauLaznIsRnRS
wsasflodmiunnans

Tunisaufiunisneasslavinnisnaasuiy
Hruvundnduiuaemdsduansisgud 1
Tnousazndsilounn 1 m® wifadusteddnusin
PNURUFLITNUDIA WaZUAIANUIUNAADUYI
Mnuruiadnllfiauudadduiuildndsen
wazdlyumaann 30° [10] 91U 2 YA Tned 1
s arlaifinsfndegUnaniszugeinia vided
2 awnsfindegunaniszuneernAdieLead

-471 -



sansimnrsmalulagigaamngss : amanesETRRnEIEBI

07 8 Uil 1 1AauNNTIAN — 11 2563

wasoAindguuna 32 W Lusuiinauiidu
RUALENAN 15,24 cm B95EUUTEUIRINARY
WwadlaweindUsenouniglNaaauLaefing
19 50 Wp gunsalauaunisuszqlniiein
\waduas®1fing (Solar charge controller) AaLdn
fulpauszuILaINIA
miLﬁu%’a;ﬂaﬂy’uawmaﬁuﬁméﬂamﬁm K
(@29: 0 - 800 ° C, + 0.4 ° C) AARSAA LA 9
yost1u AndasaTarn3sdoring (Kipp & Zonen :

Tambient

U CMP1LL, <2%) ¥iaiansanewmaiuseu (EKO:
MF-180  +2%) fauandluguil 1 gunsaisiavun
\Weuslauiesestiufindoya (Hioki: Ju LR8A22
- 20, + 0.7%) Tuiindayayn 5 Wil inMsvaaes
8 94 10 PzEEImENTIUFNERS LAY NNSOBNLUY
wIngrdonaluladsivuenasaulnduns

9.A181871 2. UATUY ﬁazagm 13°4741.3 "N
LLazaaﬁ@Jm 100 ° 17'56.7" E Tugaidowsweu
2562

UM 1 nsiadegunsalinsesileinvestnuiiegauasdunaaey

Tugrsanansiunisaemanuseuniglu
Hruinenfuaziiniulng nsuifedeniingan
nIENUUURImAIUNEILlAggnaANT UL
Seddiedldndsnndiludiiinu anuseu
\ndouilnnilmdnsnuuugiafuans uaziin
A1TNIANUSDU TEWINBINIALANGIAIAUR
n¥anduans ilieniauiinuiudigaumai
a9tu wagsilfiAnn swiaufousening
omAldvdsmuazauAnnstAL Uty
meluiletaniinnu dwmalianufeuwndon
AIFNATUATUAN INNATUILAANITNIAIIY
Sauszrineomaneluthutumeu [Wunali
gaungdmeluthudiuiy

A3ANPMANNIAYNITNIAIIUSTOUTENIN

NURNATULALTUDINANALNATUEIUTD
mudlalneldaunisi (1)

Qcc = Ach (t,— t) (1

e A Ao fuitvesman (m)

h.. fie duUszAvEmsmeanusousswing
Nufmauuazduenalndides (W/m.K)

t. Ae gaungiiamau (°0)

t, Ao gaungiloniAlndiAealimneu
(°O)

-42 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

AndulsEanS NSNS a USRI LR
anutarduenelndlAssdnsutudinnds
WAAUTLUIYDINARIYLIAALEIDITIAEANNTH
furadldanaunsi (2) Fawuzilae [11]

hee = 0.49ACH *° 2)

dusuiunlilafnfainaussuigainie
FUUSLANTNITNIAIUSDUTENININURANAY
uaztuemalndifes (h.) @snsamlaan

Nu=— (3)

dlo Nu e adawatuues

h fe duUszansnismiaudeussniing
HuRmenuuazdy anelndides (W/m.K)

k fio dudszavsnisthaudeu (W/m.K)

ALTELaN (Rayleigh Number) #38A1 Ra,
a3150vbAan

gB(Ts—Ta)L3
a= ov

(@)

dlo ¢ Ao Anusailesainanulidugss (m/s)

B #e duuszansnisvensiudal3ung
U991n"# (1/K)

L A A1ANNE1IY8IR AU (M)

T, Ao gaumiILwA (°0)

T A9 aunQiiennAlndiALaE inau
(°QO)

a Ao An1sungaudeu (m/s)

v Ao amundladiuuiin (m/s’)

° [V 5 10 « 1Y)

#115UA1 107 < Ra, < 10 LU@INanuee
nsaremauSeuiudunaudgatud
anwazmsdanaduluuiiadounitassieu

Volume 8 / Number 1/ January - June 2020

Nu = 0.27 Ra, " (5)

Nu.k

=71 (6)

FumsaguaMe (Number of air change,
ACH) Tuthunegaumuinain

ACH = Q/V (7

- 4 a v 3
We VA YIN1esuesununagdau (m’)
A o 3

Q AP PRIINNTITUIYINE (M /hr)

gM31N15b11a0901 N1 AN UE L NA YN
A155¥UI8IMAlAgliSEUUTEUI8RINAYAE
waIAng anusacuIlaann

Q = Acv (8)
PRy & < ' | a
We v AR AU INIANIUYIUR (m/s)

NAN15398

Asasunlasmesdanutusideniing
Largun)iAsuIndon uanafsgual 2 wuin
Tugiaad Aenudusdenind wargaumgil
Aawandon iutusgsre dosasdanggni
920 W/m’ fiaan 12.10 . fausiganan 13:00 u.
AIANLTNTIERNTIndABY o anas d1nTUAn
qquﬁ?unmé’auqqqm 41.2°C wazilAade
Uszanay 36°C  manuduuassidenfindiads
We¥uUszanas 650 W/m’ ansdndi

-43 -



sansimnrsmalulagigaamngss : amanesETRRnEIEBI

07 8 Uil 1 1AauNNTIAN — 11 2563

50.00 1000

b 600 £
g

T 3500 4 b aoo 3
S

Temperature

e

=2

—

(=1}
\k

25.00

14:00
15:00
16:00 7
17:00 7
18:00 ‘J

T

8
o
me (hr)

3UN 2 Assdonding Angaungidwinden

Agamniluus nasiedlivdsenlasudrina
TAenIINUN A UA VR IHUTAA SR
Tnefi¥anudanivhunanusussiadaduansd
U 3 aniiuliingumgiviedivasnvestiiy
91994 wazUunaaeulzliAlnaiAsaiulugiag
Tu19 8.40 u. thudedaFuiiguungiifigania
Bntley fmsavauminiouiiugeiuludinam
nansiulaeiidrgaungiiaelseun 47- 48°C
1wmmmumaamummamwnma gauiivios
1waqmmmwmumqamaammamaaa 0.7°C
\esainomiauiiiusey 4 wesldindsnigni
HUYIBYRITEUUTEUIYRINA

=
%

Ternperature (°C)
=
5, ‘E%
- i -

Uit —Umadey -~ gumRiwAdY

=

(=]
in

5:0C T3

LI L L LI L L L L L L L
ioJojojoNoysloNoNoNoRoRoloNoRoRoRo oo oRoNoNoNe ]
NONONANONONONONQNENoNon e
OO0 A NN TTNWNOD MM

e e e e e e e e e e e e e e e et
Time (hr)

5UN 3 WisuieuAaamniiviedlivdsnn

NIALWMANLT DUVRIR N INAUTIIN
vosldndanuazgungivos efiansmiudn
guATiRINAUFLULLAZA AN UF LT
wansdasud 4 uag 5 ludranandududus

a

06:00 - 9:00 u. wuindurrefigungliazay

)
vnmiuiaduuuresi a1y wazgunnl
ADY 9 Lﬁmqasﬁu&gums[,wdmnm 10:00 u. 1o
gumaliiisuULLaYSua1 SR mA Ty
i 2 wids fuwlulunmsiviusaranadluly

Aan1afgdtuLaziiAgainitgangianiiy

=b

D

winaeu lagUius9dedangungiiinaiy
Fugean 44.5°C Fagandrtumageu 3.2°C
aufeunniufaduuummeuiotanh
WAy MntufesAnnisarauauiounasng
ﬁwmm%’aummﬁai’a@mé’ﬂﬂmwmué’mdw
Tngfidanaiugiudrsvestiiunaaouiian
gaumgiigegn 41.5°C  Fslussunodngamgd
uanFsg AR IANUSUATen 4.3°C lesan
Tutasguvnivesdundouingegeduis
v‘fﬂﬁqmwgﬁﬁﬁ’JmeuﬁmLﬁmqa%umm
Turnefithudredaiuiinsfndoinauszune
o medasviliimgumnilildgdunulude

50

i —wweaey

~qungdawaday

Temperature (°C)

JUN 4 Wiguiigugumiiiamauauuy

-44 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

=
=

L
n

Ternperature (°C)

aa i3 '

JUN 5 Wiguigugumiiiamauauans

EgmwﬂuﬁViﬂa’Nﬁawmaawaqﬁ'muamﬁq
gUVi 6 Wammusuanslaaisimanudeuti
1nFanelusios vilidiuladnlugialan 6:00-
7:00 w. fialndiAssiu o Sderfinduas
guvglidauindouiiutu guvgiviesyostu
DBIUATNAFOUILADY 9 Lﬁuqa%ﬁu qunsziTed]
Andingandtgamgiianinuinden Tastiu
g9 sllgaumgiigandndunaaeulsean 1-2°C
WagAIANUUANAIIYDIUNYNesan 4.2°C
\esannisieanudouriuliineausiesEuy
S¥U18eINTAgadLaseindanatglures
sonlusimeusnvestiunagey Tusasfisnsd
A5 inavesenaaui LAl (Q) wardnulu
mswasuennia (ACH)’LuﬁmViam&y’qﬂ’mamzma
fnsseunegenmialagldsyuusyuigeIndeag
Lasoindanaun1si (7) waz (8) e 127-
132 m’/hr wetiasiulgindnsinisseungenne
Tuthuneasuiilefirngs axdmaliidenmaiives
UunegevIzanadlnelinnudennasiu Lay
NAYINTLUNYDINIARIULTAALEI AN S INa LT
AmsmaudousuAmauvesuRe 2 nd
Farunaanaunsii (1) 83 (6) wwdiifiunnsety
TaoArmMsmArseurasuiiRamainausyue
MASEad watefind azilAsnnntusne s
\aAnaenitaTy 190 W/m’ K Bauanssiaguil 7

Volume 8 / Number 1/ January - June 2020

50

wdnde —Uumaaey - samplidwndey

Temperature (°C)

25

T T 1 T T T T T 1717 T 1771 rr1rrrrrrrT
I=X=X=1=1=-1=R=R=2-1=0=R=R=R=2=R=R=R=R=R=1=R=R=R=1=]
gmgnongnomnengnoengnonongng
CONNOONO OO ™ e O N TS 000NN

A A A A A A A A A A A A A A
Time (hr)
a - = | a v
UM 6 LUSBULBUAIQUUNUTDY
S0 3 T
—Qec Uiy & (OO
]
a0 s
o 4o
o e e
& 300 4 [ LAY
£ '..V " S Y
> ey { ] [ ] 'L
2 00 4 .'ﬁ."." L] " a
[y -
:\'.!- |
00 4 /
- .-”"%\/V\/J\V\’\/_*""Vw\\ 1

,‘N‘/"\/\/-‘f'\j‘,' —-~\L
3 T T T T T T T T T T T
R EEEEEEEEEEE -
S MM oOmMmOoOmMmO®MmO®mO®nOon o n o
0o e R0 0 A~ NNM Mg S n WG D

Time (hr)

UM 7 WisuimeudAnsnauieu

ANNSENNANMUSOURTUEINAUTABATS
T ¥anisenemanudeuBaseiiususuans
Yol nan Feuanadsguil 8 Annsanewm
AnuFourestuiRnfIsEUUSEUBINARIY
IwaduaRngRasni thusneds 5-7 W/m’
TnggiiulavnluY199a112.001.-14.004. Lay
falesidudnisannisatemainusouniuii
ipuLRALTaTuTiAn 30-34 %

- 45 -



sansimnrsmalulagigaamngss : amanesETRRnEIEBI

07 8 Uil 1 1AauNNTIAN — 11 2563

Vo] — ; ; T 10
S TUERED IR - AT T

(97

Tirne (hr)
JUN 8 AnTsenemAuTourURIAWEN i
WAy

dsluazanusena

IINNSVARBIDANBINITANAINITENELN
Anusauanvisdlavaensuiwigiiulag
Tdszvuwasuaseninduannasnulndliiu
WaauszurgenAvwn 32 W ileiUSeudieu
Funsldwnauszursorniawuuldlniiialy
ansatsnsiowdsrulniale 140.16 KWh/year
AUSUNITIATIERNAVBINITAELNAINS DU
Hruddidnuaieisnisniaiiuieu wudn
SEUUNARNSYUNERINALAE LEIDIAREA1N1TE
WUSnIIN1955UI801A Laztius USRS
nsiUasuenia Sdsualiinnisiuasueinie
eludrunageu 127-132 m/hr wazyinli
gumadiimeuiuuutazduarsnngluty
nagauiAtanasuseunad 1.9-2°C JA1NISNN
anufousninthudiduaisnasnineiy 190
W/m’ K wazanlasifudnisannisansimnaiig
Lounuflunaiuiadenaiuilan 30-34% 39
danaliigamgiiiesvestiunaasudaidinia
T1ugeBuads 2.9°C Fawasinisindainay
SEUNgINAAaLEID1Inga1usaanUSue
audeuazauneluiomedauiifinasanis
PONUULIWINTBASBIUSUDINA

AnAnssuUszna
HidevevsuanunIinetduinalulad
usnnadaulndund Aldlinsatvayuniide
Tundsil

References

[1] M. D'Orazio, C. Di Perna, P. Principi and
A. Stazi, “Effects of roof tile permeability
on the thermal performance of ventilated
roofs: analysis of annual performance,”
Energy Build, pp. 911-916, 2008.

[2] Haider
and Jae D. Changb, (2016). The Effect of

Exterior

I. Mohameda, Jeehwan Leea,

and Interior Roof Thermal
Radiation on Buildings Cooling Energy,
International Conference on Sustainable
Design, Engineering and Construction,
pp 987 — 994.

[3] A.L. Pisello, V.L. Castaldo, G. Pignatta, F.
Cotana, and M. Santamouris, Experimental
in-lab and in-field analysis of waterproof
membranes for cool roof application
and urban heat island mitigation, Energy
Build, 114: pp. 180-190, 2016.

[4] Hataitep Wongsuwarn, “Automatic Air
Ventilation System for Air Space under
Roof with Microcontroller,” The 24th
Conference on Mechanical Engineering
Network of Thailand 20-22 Oct., Ubon
Ratchathani, 2009.

[5] Velapon  Buranakitvisut and Sompong

Putivisutisak, “The Evaluation of Temperature

Reduction Effectiveness in Warhouse by

Ventilation Improvement,” Energy Research

Institute,Vol.8, No1, pp.58-62, 2011.

- 46 -



(6]

The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Preeda Chantawong and Vichan Vimanjan,
“Natural Ventilation of Houses Model
by a Roof Solar Cells Turbine Ventilator
Assisted with DC Fan under Climate of
Bangkok,” The Journal of KMUTNB., Vol.
22, No. 2, pp.305-314, May - Aug, 2012.
Department of Alternative Energy
Development and Efficiency, Ministry of
Energy, The Renewable and Alternative
Energy Development Plan for 25
Percent in 10 Years (AEDP 2012-2021).
Bangkok: Department of Alternative
Energy Development and Efficiency,
Ministry of Energy, 2012.

Preeda Chantawong and Boonchorb
Sotprawati, “Field Study of Cooling
Load Reduction and Thermal Performance
of Simple Roof Concrete and Roof
Solar Cells Attic Ventilation Assisted
with DC Fan of Two Models,” Ladkrabang
Engineering Journal, vol.22, no.1, pp.53 -

70, 2013.

-47 -

Volume 8 / Number 1/ January - June 2020

[9] Akekachai Deesiri, Thanapat Promwatanapak-

de and Prakit Liengpradis, “Improving
an Automatic Air Ventilation Control
System for Energy Saving Using Oxygen
Sensor and Carbon Dioxide Sensor,” 13th
National and Interational Conference of
Sripatum University, 2019, pp.2469-2478.

[10] Sahachai Phiraphata, Ratthasak Prommasa

and Withaya Puangsombut, (2017).
Experimental study of natural convection
in PV roof solar collector, International
Communications in Heat and Mass
Transfer, Vol. 89, pp. 31-38.

[11] Sheng Zhanga, Yong Chengb, Chao

“Heat removal

efficiency based multi-node model for

Huanc, Zhang Lin,
both stratum ventilation and displacement
ventilation,” Building and Environment,
No.143, pp.24-35, 2018.



sansimnrsmalulagigaamngss : amanesETRRnEIEBI

07 8 Uil 1 1AauNNTIAN — 11 2563

Massuusednuuulignirinveshiumietgaudiuusenann

% = a
AeTUUALIATIAN
Snswa fwa’ , aurniud urdlesn’ gy ALAzh '

1 a a o 5
a3 IrnssulesuasNISANY ANEATAANTEREINTIY
1yAIngaewmAlLlag nsTIUNANTTUATIMTD

Email : ittipon.m@fte.kmutnb.ac.thl*
Received: May 31, 2020
Revised: June 22, 2020
Accepted: June 23, 2020

unfAnge

nsfnwiAdsiuusedanuuligndiia vesAunieasou fignuiuugequainsae
YuBdlansedn siisldanmuimly (GU) wazthluiSsudfisunansmaaouussdauuulignirin
vosiumierseuiiuununmisyudiuudvesauaud Ussian 1 (OPO) Tnsuusiuuiaunm
FuuAwinnu 10, 15, 20, way 25% Aothwiinfumidsndonulasann ﬁmuquﬂ%mmfw WU
130% Tunndmsndrunay Fauduudsarsiinazgnmunaniuihauuaiumas Juhlunaud
fumilsrsounvasanmaunarsifuiudiuud annanismaasuidsiunssdauuuligndrdiile
UnfAudiuudfiogsfiszerinan 7,14 uag 28 Yu nuin Aunileaseufiuiuugenunindie
Yudumdlensedn fenfdssuusedauuulsigniningegaiiuiunadiuud 25% o1guy 28 Ju iy
777.90 kPa . FsgsninfiumilnrseuiiuiuussannmeneyuBinudvesnuaud Useian 1 sl
Fuusadauuuliigndingsaainiu 700.40 kPa wieAnduiosaz 9.96

AdRey : MIUSuUTIRuA MAumlesew, Buudlensedn, Masuuswauwuuligndiin

- 48 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Volume 8 / Number 1/ January - June 2020

Unconfined Compressive Strength of Hydraulic
Cement-Stabilized Soft Clay

Ittipon Meeponl*, Kanakan Masosotl, Patom kongkadee1
1Department of Teacher Training in Civil Engineering, Faculty of Technical Education,
King Mongkut’s University of Technology North Bangkok
Email : ittipon.m@fte.kmutnb.ac.thﬁ

Received: May 31, 2020
Revised: June 22, 2020
Accepted: June 23, 2020

Abstract

The study of unconfined compression of soft clay improved by using hydraulic
cement (GU) and compare to the result of unconfined compression test of soft clay
improved by using ordinary Portland cement (OPC) varying with 10, 15, 20 and 25% of
cement quantity per weight of remold clay with water content control of 130% in every
proportion. Each type of cement was mixed into slurry before mixing soft clay which was
transformed into cement clay. The result of unconfined compression test after curing
cement-clay sample for 7, 14 and 28 days elucidated that the soft clay improved by using
hydraulic cement had the highest unconfined compression value with 25% of cement
quantity and 28 days of curing having 777.90 kPa which was higher than the soft clay
improved by using ordinary Portland cement with unconfined compression value of 700.40
kPa or 9.96 percent

Keywords : Soft soil Improvement, Hydraulic cement, Unconfined Compression
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Abstract

This paper proposes a development of real-time driver drowsiness detection
system for reducing the chance of car accidents. The proposed system can detect and
analyze the characteristics of the driver and warn the driver immediately when he is
sleeping. In this paper, the system will detect the driver sleepiness from the characteristics
of the eyes head and mouth, respectively via the camera module and perform their images
by image processing with the Raspberry Pi 3B+ in real-time. From the experimental results
in this paper, it can be confirmed that the proposed system has the potential capability to
apply in the real use with the low detection response errors which are approximately 4%,

5.36% and 4.12% from eye head and mouth detector respectively.

Keywords : Driver sleepiness, Driver drowsiness detection (eyes, head and mouth), Real time
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