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Temperature of Recirculation batch drying the paddy had an effect on aroma (2AP)
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ABSTRACT

The aim of this study was to analyze the effect of Thai Pathumthani Fragrant Rice on high
temperature in recirculation batch drying. Dimension of drying is 2270 mm in height, 2481 mm in
width and 1070 mm in length. It has a capacity of 1.5 tons. Research and development of automatic
drying for Thai Pathumthani Fragrant Rice in the form of recirculation batch drying. The properties of
the dehumidification temperature were tested and the tested in provided were temperature, time
and heat source type. Even though the drying process test results. Each experiment demonstrated
that the 2 -Acetyl-1-Pyrroline (2 AP) evaporation at the drying temperature was 6 0 ° C, when the
temperature increase would reduce the moisture content of rice. Therefore, before drying of Thai

Pathumthani Fragrant Rice, the value of 2AP=1.465 micrograms per gram was analyzed, and after

recirculation drying, it was 2AP=1.580 micrograms per gram.

Keywords: Drying, Recirculation, Geometry, Aroma, Thai Pathumthani Fragrant Rice.
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ABSTRACT
Construction drawings and specifications that are inconsistent with the work on the
construction site. The above problems affect the success of the building construction projects in

terms of time, cost and quality of work. The purpose of this research is to study problems of
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construction drawings and specifications in construction projects. Various problems arising in each
project and interviews with people involved in the construction project were gathered to create a
questionnaire. The data were analyzed using descriptive and inferential statistics. The hypotheses,
opinions of business groups and working experience were tested on the problems of the construction

drawings and the specifications of construction projects. The results of the study found that the
significance index (SI) of the most problematic issues focused on the following issues: 1) Problems

arising from the accompanying list of unclear scope of work, 2) Problems arising from the structure
plan, indicating the position and distance of the opening, conflict with the architectural design and

the building system assembly, 3 ) Problems arising from unspecified or incomplete architectural

drawings. In addition, the hypothesis testing found that the business group and work experience had
different opinions on several problems. Finally, this research recommends the preparation of a

checklist for the correctness and completeness of the construction drawings and the specifications to

support the construction project's goals.

Keyword: Problem, Construction drawing, Specification, Construction project.
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ﬂ'aa%"mm:uLLUU‘ﬁ'qu’aaﬂLLUUiﬁaaﬂLLuulﬁﬁLﬁm
Husenasasetuan Tnonouaussrufesnisves
Wuedlassnsuazgnifessuiioonuuuly

4) iv3nwilasenis (Consultant) USEMiUSnw
sziSpuaiioudiunuvesdtveslasenisvinag
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WUUABad19 (Construction Drawing) tJuuuudi
%’mﬁw%mﬁaLLammazLﬁammzé’mdqummmaa
grans el dunumslumssidiuauneadns
FaudFuduaulasinisaunseiienaissndunis

' [

reafraaiansuiumugiuuuiiinualilasuuy
noas1uvsnanilu 2 Uszanudng laun wuu
NOAIIINIIIAINTTY LATUUUNDASIINY
aninenssy seavideadsil (4]

1) WuUaAIN55u (Engineering Drawing): WU U
Jaanssudusvuiidaiduiiedsznoufvuuy
Aeafremsaniinenssulaglddauangudniiie
Usgloviauanuudwsewedasedinewennis uag
desududugluszuuenns TneuenauaIvIve 19y
AANTIN WU wuuIAInIsulaseasis (Structural
Drawing)kuu3aanssulw#n (Electrical Drawing)
WUUIAINTSNEVIAUIA (Sanitary Drawing)

2) Luuneas1a1san1dnenssy (Architectural
Drawing) : wuunead1ismaadnenssudunuui
Fovindulasanuindudimuadnuareias Ui
Tnevhluvede1ns ImEJL%EM(%’@EJMMMWEJ@LW@WQ
finuululdduarannsntavunavesennisldlunn
dau wazth Ul dunuamslunisandiusuneadns
it

ndeukarANInIneinaut1ady il
Whudaseiduiiddy fe Ussnvuardnuasveuuy
noa¥s dafideldviissunssuilifiedeld
ﬂszﬂamﬁa%ﬂqm%"aaﬁamﬁ%’aLLazﬁqauuagm
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1) deyamluvadasenis: lasainisieaireasd
dnwazlassmsiiinainuatsussinnuazSadli
Lf“{m%maeummﬂmmwllw Sutnasiidyniintuly
1ATIN1IADASIIUINNE Ima’iuﬁﬁ%ménﬁﬂ@mmm
wuuneasuassienitsusznavuuudndutlgm
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1ASINTS MENNNTODDALUULAEIAVWUUNBES 1919
ANazLden Anisuinuuunyssarunulaedng
auysal lenafaziAndymlurrsnisdniiueu
ApasneNazanas wilunianduiu suuuneasauay
semsUsznouwuuithluldtdym Aasduaivai
iliAenansznuseglulpsinisneasiela

2) NSTUIUNITODNUUU: NSLUIUAITOBALUY A
A53UIUN1STIEIAINFBINITHAL WLIAATE NI 101
Tassnsuwdandunuudeadieafianuisaudnluldly
nsneasela [5]

3) aaunnlunseuIunIsnoasie Funauns
ﬂ'aa”NLﬂu%y’umauﬁdqwaﬁmmmwmaamudaa%m &
Yasund HafeRunIneIuneaine laun wuy
Aoad1euazs1en1sUsEnauLuy Junsulunis
sy wadawazdsnissdunuildents siufs
Houazauaiusavesysumuineasisluniseny
Wuu Lﬁaiméjuﬁ‘%ﬁgﬂLLUU@?WWiﬁﬁ’]MU@iﬂULLUU
neasLars1en1sUsTNaULUUY InaluiAusudseana

WaYsTsAINAAUUALA[5]19101255UNTTUNNEIILN

Fradu dliduissdiuiiddy fo Jaymiintu
NUUUNBATIUAZIIBNITUTTNOULUUIZAINATD
AN INYDIUNBATI
Tne3dulsimguiuazissanssuiisides
soufislonatsvedeyatiiuiAn (Request For
Information : RF)) Tulasenasaeadianneg wield
Usgnaunisadiaaiesfielunisdifiuauided
Aendastulymussuuuneadauagsienissznay

wuu samsldlunsaguareiusenaniside

3. 2A5n15eliunsae
nuideiilunismdeyavesdymiveawuy

Aeas1awars1enisusenausuululasInisneasng

dze

WeldiBnsaniunsidelaenisiiudoyausugd
(Primary Data) lagldn 1s@nw1a1ntonans
(Documentary Research) 8194%u An¥InaNNI3
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fnnuasouaquIoUiu Fa3duldiivunisnis
sndunsidel il

3.1 duneumsdiiunside

1) Anwmguiazaddeiiiedosiulgmues
wuuneadieuazIen1sUsENoULUY Telunay
Arauszina Weldlunisimuaingussasduas
VBULYAYDINITAN

2) daviuvuasuaulifideniaseunquany
Inquszasdiimuald

vaa

3) ﬁ?i?ﬁ]%’]ﬂam@]’mﬂ’]ﬂ&l%mﬂ’mﬂLﬂEJ’J“UENﬂ‘U

Y

Iﬂiﬂﬂ’]iﬂﬂ’di’]d‘ﬂﬂﬁaﬂaEJI‘L!“U’NW]L‘u‘Lm'ﬁﬂ@EﬂiN

v

a) fiflunsdsuuuasuaudegifidmuieades
fulasanisneadns delédun 3eans anuiin wina
WeULUY

5) iununudeyaiildainnisdnm

6) IATeniarazuNan1TIdY

7) UAUONANITIVELAZIAUBUUINIIATIVEDU
WUURDES 1A II9N5UTENBULUY

3.2 inSesdlenldluenisy

wiedlefildlunisdnulamvesuuuneasns
wazsrensuseneukuululasinisneasne §idelald
in3esiieluniside Aewuuasuniu (Questionnaire)
nniuideyatiymiiiatusidulasamaneatnan
Waundunuvaeuay Inedeazideauvsooniiu
2 du il

< v ]

D deyamiluiludeyadiudivesgnou

d
wuvasuaLazggndunwal Faazifunisasuny
Ry e 91y SEAUNSANYY Aunianu dnwae
23RN Uspbmvesginauasyseaumsaiyinny

2) Yoyakuuneas1arTIen1sUTENouLUY
sidunsesnuuudeualiinseunguiiiemvssiy
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wuu saudadoulanasdesmunsiegiieadestu
uneadretiun TnsuuuaeuauastigIteaiu
Yguivesuuuneaitwwazsienisusznaunuulu
Tasimsreadns sausiady 40 9 Fudunvuaouny
wilnunsd@uUsEaNuAT (Rating Scale) mugUuwuy
¥84 Likert Scale § 5 5¥du lnsuvaduseiulasa

= o &
AT 1 AU

A15197 1 WIASIEINUSELIUAN

TZAU sefumd FLAUNANTENU
audvestlymil | wansgnuvesliam
° Lﬁﬂ%ﬂuﬁﬂﬁi’jﬂ ﬁLﬁWﬁumﬂﬁqm
audvestlymil | mansznuvesliam
‘ \AnTuann Aintuann
avdvesdamil | mansenuvestym
’ Antutiunans fdnTutiunans
audvestlymil | wansgnuvesliam
? Andutey Aintues
audvestlymil | mansznuveslam
' Aedutiesiian fiAnTutiosiian

3.3 UszvInsuarnquiegn

n13AnwIauideasad nauuseyansg lawn
3ans andnuaznineudsunuy Tnglunsald
§Adelinsuisduiuveandudieg eiiuidn 3414
Bmsddnasngasdnsaguvemils gl
nIUIIATDINgNiI0g1 Tngldnnunainadeud
Fowar 0.05 Fvaguladnazldnquitedslagande
WasduuuuniuaraIn 19U 400 A [6] lng
fMuUAAIAIINAIIAREUT 0.05 wazsTRUAIY
estu 95%

3.4  YaukUenIANY)

1) vaulnn1uUTEYINg
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anufinuasntinaudeunuy 9uulszaia 400
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2) voulmiiom

duifsAnwtadeyalymuesuuuneaiiauag
sremsUsznoukuululassnsieadieermsintu
TneAnwludiuvesseiuanuiuazseiunanseny
vostgmussiuuneainazsenisusznaukuuly
1AsIN13n0asNe

3) VBULIAFILUT

o

ASAULUIAANISTIFETAILUSAULAEAILUTHNY

[

lnguansdisgui 1 dsil

fruUsAY fruusnu
fayaily Ugymuaswuudasig
was1en1susEnauy
1. Usenuos LUy
3309 1. dwnulaseasng
2. Usvaunisal |:> 2. d@mau
15911974 an1Unenssu

3. @IUIIUTEUY
U52NausIAg
4. 518n15Usenau

bUU

U7 1 NT0UMIARNITIRY

(1) fuusau tun Ussnnueagsnavedadnns
wazUsvaunsainisvineu

(2) FauUsnn loun szduaudvssnisiia
Ugymuagszaunansenuvealem

35 n19sadeun N nTedeveunTeidion
15Tun539e

Fupeunisnsredeumieieldvenieied
14lun"534e fnsvadeunnuiisansweaionls
n59n10ingUssasd (Index of Item-Objective
Congruence: 10C) 1ag1y1991a31nN15NUNIY
I9sRUNTsULAzNIOULIIARuASANYAEafu M
YoeuUUAad1ILars1ensUsTRs ANt uLendy
Ygmianuuialaseadne nuanuantdeenssu

NUIAUTEUUUTENOUDIANT TINUATIUIU 40 U0
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Faduigmidnnulugiwesnisduiivanuneass
TnemaidelsindoyaliBomnia 5 viwu ey
N15AIEBUNAYIINGIMUUaBUn1UTAT 10C oY
Tu999 0.60-1.00 Fudulumuinasifidinua [7]
wansIuuvdeUaNiimNaenndoatuUsTIAuly
YesuUUAea Ay IIEN1TUENEULUY ninTu
ihlunaaouidesiu (Reliability) fungusaegadn
$1uau 30 ¥a uardAIuIUMIAIA TN
Tsunsudnsagy SPSS (Statistical Package for the
Social Science) lun1snsiaaeuainiedoldves
wuvaeuau laenismiAduyszandanduius
(Cronbach’s alpha) msnﬁus’msawﬁagaé’wmzﬁ
d1v15U91U3T8189d15939 (Exploratory Research)
gaufuia1unndn 0.70 [8] Feannisneaeuléan
FuUszAnSanduius (Cronbach’ alpha) 3y
0.973 wanyiwuudsuauyaiiinuindeiiog
Wesmeranisiiusiuswdeyaauisailunageu
Aunguthmneseluliegnadivsgdnsam

36 aoanltluenisey

1) @0 #L@anssasun (Descriptive Statistics)
AAsenveyalaensuTIENEMEnIs1e Wensw lag
a5U18fT1UazIdenYRITRYAIINUUUAB NN LYY
Joyatadudiuyana laun we 81y seAun1sAny
DITIN/FIIAUNIY FNUUTDIANT/UIEN UTLANVDS
gsfakazyszaunisalvineu saudfedaduves
NansENULarALdmiatuvesynivewuy
neassazsensusznaunuululasinisneasnlag
T38wioluil

(1) NMTUANUIAINE (Frequency) Aruaidu
fatiAfosas (Percentage) lngununldeSuredoya
dwiunuuaeuniudui 1

2 ?hLaﬁaLLazdauLﬁmwummgm (Mean and
Standard Deviation: S.0.) ¥1u1ldasuredeoya

dmsukuudauaNdIun 2

15

(3) NM3AUIUAYTAIUTURTS (Severity Index:
SI) [91[101[11] Wi edndrfuAINTULTIVOILAAE
Uszinudisaunis
Severity Index (SI)= RIl(Frequency) x Ril(lmpact)
1ay RIl #39 Relative Importance Index.Buluny

aunsi (1)

Z(wy) (
=& i 1)
RII o
Ty W, Ao SEAUAZLUUNNTON
A Ao WInTEIU
N Ao Iudlvdeya

2) @0 @L¥9ayu1U (Inferential Analysis) Wio
Tnsreidoya laun

(1) NMFATIERAIUULUTUTIUNIUAE (One
Way ANOVA) MsirsginuLlsUsuiduaad
THdmsulnsilSoudiounuwanawesaade
faust 2 Arduly Tnenguiegausaenduagdosiing
wanuaaduun® danuuususiuliunndrety wasdu
Saszainiu lnefvunseiunnudesiufl 95%

(2) n1sTe UL s U LT sgouw (Multiple
Comparisons) nsaifinuinsysuanudadiulugu
Huq Fufusuussass neaoulneldadi Least-
Significant Different (LSD) #5® Game-Howell Wie

mAnedsvaangulatanwansdsluanngudu

4. Wan1sAATIzvidaya

4.1 wWadATIzdToyanIINANITUYEINGY
CRRERY

n1sfnudynivesuuuneasisuagstenis
Usgneuuuululasinisneasis kaannisdnm
Aadsaudveslyni warAnadenansznuves
Uayymvesuuuneatauazsenisusenouiuy sIud
AdiiauTuusweslymluusiazde Iswaviden

voeteyalyniveswuuanulasaasng huuany
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2115”7 AALRAYVDIANUIMINNY 3.79 A1LRAYYDY

NANTENUWINAY 3.27 kagAl Sl iy 0.473

M15199 3 Teyadaymvesuuunuannenssy

i Aud NANSENUVD . i Aud NANSENUVD .
Yaymiindulu du Yaymininaulu du
. veslgm g Sl . o veslgm g Sl .
Tassnsneasns fu Tassnsneasns iy
|0 [ ] 5o g |0 [x] 50
MInUlASIES nnnuandnenssy

1 ¥midannuuuimileses sy neeudemosy birsudu wu dumis

sz v Seydinued wwesvaeto 1ee gusN A N AUST-1]

1. gyminAnanuuuandnenssuliszyneasBenvdesyyliasudiu wu

Yo dydnwal shumds vlinTan A1sedv adunlaulAr-11]

|3A80 | 1.082 |3.11 | 1.016 | 0.473 | 2

|3A81 | 1.057 |3A15 | 1.004 | 0.480 | 1

2 JymiiAnmnnuuuslanlassesisrydiwnisaeseozvereslndnudaiussey

YMUUANURENI AL LUUNUSPUUUS2NaUD1A3(ST-2]

12 Jgymininanneazidentaglifissulusuuiazhifiiuvrenemeaden
Wil YUINYBITAR AVINNLIYRITAR ANNENURIIARIAR-12]

|3,79 | 1133 | 327 | 0.918 | 0.473 | 1

|3,76 | 1.056 |3,19 | 1027 | 0.480 | 2

3 JgyniifeanuuulaseEueEnmunezsiuwisendaudukuuantnenssu
[ST-3]

13 JymitiAnanuuuulauszylyiguuuveteseaziBuafinuuu /Aasdumia

[AR-13]

|3,68 | 1.089 |3.oo | 1075 | 0.486 | 3

|2,94 | 122 |2,41 | 1013 | 0.283 | 7

4 gymifnrnuauinlasasneuninusdags (Post-tension) Jaudaiuuuy

wanissyviieiulassesweounniaiiuman (RC Slab) [ST-4]

14 Jgymidnnuuuilauanilaenssulissysuninzunssinnau (Floor

Drain)[AR-14]

|2.75 | 1.143 |2.67 | 1.047 | 0.442 | 4

|3.o9 | 0.939 |2.80 | 1.103 | 0.346 | 6

sdgpminfinnnuuulasaEsuanuuveuaiiuemstaudaiuwnveuwniiy

1M3VBIUUANTRENTIUST-5]

15 Yopnfannuuuanilnenssussudadnuaiiiamemsios s i uiuuens

Uaz3UsA (SectionAR-15]

|3.36 | 1.121 |2.7o | 1120 | 0.294 | 8

6.Jgymininannuuulassainansszauiudaudsiussauiiuluiuy

anUnenssu[ST-6]

[ 253 [ 1026 [213 | 1125 | 0216 | 10
16.ﬂfywﬁtﬁmmﬂLLUULLUauﬁszuﬁﬁyﬁnwaﬁ funiiuwarseasidenusye-

yiedaudaiuiuurgneseandenyseg-minEaAR-16]

3.53 | 1.050 |2.94 | 1077 | 0415 | 5

|3.46 | 1.089 |2.78 | 1.089 | 0385 | 3

7 Jymiiinansvesiunouning1usin (Covering) Tuuuuvenegusnsey

srgrdandeiunuusUdngusINvs oA NN sgUIST-7]

17 Jymiiinnuuuilaunuandnenssussyseauanugeiiuuiay sy

doudaiugudnennns (Section)[AR-17]

|2.53 | 1.206 |2.64 | 0.952 | 0.267 | 10

|2.67 | 1.05 |2.48 | 1.009 | 0.265 | 8

8 Jgymiiinannuuulassaisszevisnansesanainninlaii(Grid line)linse

Aukuuan1Unenssu[ST-8]

18 Yymiiinnnuuuauantdnensulduansinmenisdavsouansie

MMM aadaudaiuuuurengyusegviiangAR-18]

|3.25 | 1.012 |2.45 | 0.947 | 0.345 | 7

|2.77 | 1.004 |2.28 | 0.996 | 0.253 | 9

9. JyminAnnnuuuudaulassaiisssyanuvunudauwgsiuuuurene

WAL unYOINU[ST-9]

19. JgyminiAnanuuunuaandnensiuszyriiavesgudusilinsiuuuuny

TUUUTENOUDIAI(TEUUANIAUIA)AR-19]

|3A53 | 1.178

290 | 1.067

0.409 | 6

|2A98 | 1.254 |3A05 | 1.186 | 0.364 | 4

10. Ygymiiiinanuuuaulassasndlisyusiumis svey uazhuuvey

swaztdenvosiula[ST-10]

20 dgyminiaanuuusdaunuandnenssusanswuuwlauionidaudaiu

WUUNUSEUUEUAUIA[AR-20]

|2A53 | 1.174 |2.91 | 1.119 | 0.294 | 9

|2A88 | 1.188 |3A03 | 1.145 | 0.349 | 5

NNNI5199 2 ANRAYVBIAIUD, ALRRYYDY
HaNIENU wagAnviauguwse (S) veslynives
WUUNRaIILaEIIENITUTENOULUUYBIEABY

@ o °

wuuanuamianua fn1sandadduainuddy
yossiinuguuss Inedanidian sl Susiuusn Tu
druresnulassadne Ae “[ST-2) YymfAeanuuy
wlaulassadssyduniawayssasveatoslntaud

fUszEzIIuUanURuNITULALLUUNUSTUUUSENOU

1NHI5199 3 ANLRALVDIAINND, ANLRALVDY
HaNIENU kagAnviiauguwse (S veslynives
WUUNRAIILAEIIENITUTENOULUUYBILABY

WUUEDUDIUNIMNA LAAUINITARUAIINAIAY VDS

Aullnugunse Inedymadian Sl duduusn Tudiu
os9uanInenssy Ao “[AR-11] Jgym9itinann
wuvaatnenssuldssysivasideansossyly

v s o 1

ATUNIU WU Yo drydnual dunus vliadan A1z
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astundan” danafgvadnnuiwiniu 3.81 ALRAY

YDINANTLNUWINAU 3.15 wagAn Sl winAvu 0.480

m15719% 4 Yeyaldgmivesuvuussuulszneu

17

WINAU 3.16 ANRREYRINANTTNUYIINY 3.39 kazan

Sl winfu 0.428

n151991 5 Jeyalynivesiuuneainawarsnenis

RRINP] UENDULUUYDIEIUVDITIENITUTENDULUU
i Aud NANSENUVD . i Aud NANSENUVD .
Yaymiindulu du Yaymiinaulu du
o veslgm g Sl . o veslgm g Sl .
Tassnsneasns fu Tassnsneasns iy
T | so [ g ] so g0 [5] 50

NUINUTTUUUTENDUBIANT

YUINIUTIUNNTUTENDULUY

21 Ygymdnanuuuanuszuuusenevenmslifiszyseandentaguas

= , o o a o
swazdunluwuy 1w VUINVBIIER AMUNUIYDIIEAR “UUWUENZ]HQ[BS-ZI]

31 dgyminiannsldnenisusznousuuaniassnsounidlulasinig

Yagdulsp-31]

|3A42 | 1.071

281 | 1.198 | 0.384 | 5

| 3.76 1.042

3.14 | 1.278 | 0.472 | 2

22 Yymiinannuuuudauauszuulsznaueiasuansdydnuailuuuy

Taudaudgydnvaiusznouwuu[Bs-22)

32 dgmidnansenmsszneunvuszyfaniiliamnsamldnuienain
[SP-32]

|3,71 | 1.176 |2.83 | 1.211 | 0.420 | 3

| 285 | 1.042 8

2.50 | 0.980

0.285

23 Ygymiidinnnuuuidaunussuuguiiuvialissusumbuasfienens
sruneiullau(Bs-23]

33 Jgmiiinansienisszneukuussyneaideanisinauasnnsldalyl

gndpsiuuszLamIan(SP-33]

|3,16 | 1.121 |3,39 | 1037 | 0.428 | 1

| 297

1.115

262 | 1.023 | 0.311 | 6

24 Yo Renruudlsisaysiuis rraguessesmsiod wom U ihuna (BS-24]

3¢ Jgmiinansenisussneunvuszyreuanulidaaulsp-34]

|3,53 | 1.160 |2,76 | 1117 | 0.390 | 4

| 368 | 1038

337 | 1032 | 0.496 | 1

25 Ygymiiinnnuuunuszuuussneuaslissyuuamaiuviowazaunsal
7199 UL UU[BS-25]

35 Jymiiinansenmsusgneunuussylildmainsunindaudeiufiseylu

wuunUaulaseade[SP-35]

|2,78 | 1071 |3,05 | 1124 | 0.339 | 7

|2,78 | 1.061 |2.49 | 0.974 | 0.277 | 9

26 JgymiinanuuuauszuuliissyseausumiagseAuvewioway

gunsai[BS-26]

36.Uadpfiinansenisuseneunuusysyuuiududaudeiuiuiildnulu
$UU[SP-36]

|3.50 | 1.156 | 3.0

1.008 | 0.42 | 2

| 236

0.943 |2.37 | 1083 | 0.224 | 10

27 Ygymiidinnnuuunuszuuussneuasszuuans) sy yssezdenln
wavsumisudonmeulnsanuadlunuulasaiiaaesdns (Core Wal)
[BS-27]

37 Jymilinansensussnsunuulissyvdessyliinsuinludunes
aztBenvesiag(SP-37]
| 374 [ 0957 [301 | 1129 [ 050 | 3

|3.26 | 1.029 |2.92 | 1.092 | 0.381 | 6

28 Yaymidnanuuunuszuulilihszynissulvanmasdaudsiumsinan
[BS-28]

38 Jgymiinandaydnwalszneuwuuiuasdlunuunlaulifingandenszy
lusenisuszneuwuy [SP-38]

| 3.67

a

1.044 |3.00 | 1.273 | 0.440

|2.84 | 1.000 |2.94 | 1.209 | 0.334 | 8

29 Yymidnanuuundauszusiuvisgunsallusuudaudaiuuuuuansians

Tuuuana (Riser diagram)[BS-29]

39.{]@/%"\%L5W\]7ﬂ5’mﬂﬁiﬂitﬂ@‘uLL'U'Uﬂ’WuiX'U'U‘UiZﬂ@Uﬂﬁﬂ’ﬁi%‘L‘liﬂﬂﬁxLaﬂﬂ

Faudsiunmsgrumsnmslatiiise-39]

|2.65 | 1.121 |3.17 | 1.226 | 0.336 | 5

|3.15 | 1.163 |2.46 | 1.131 | 0.310 | 9

30 JaniiAeanuuuteneseaxdens paunsliiman Main Distribution Board

(MDB ) FoudiaiusiemsfmaniBS-30]

40 Jgymidnanuuunuszuulnihsyysumdaies RMUsgvieaniiedludl

MDB &sdinudanutarinua[SP-40]

|2.36 | 0.994 |3.22 | 1.259 | 0.304 | 7

|2.46 | 1.050 |2.85 | 1146 | 0.280 | 10

91MA157197 4 Aadeveandnud, Aadsves
HaNIENU UazAmvilauguwss (S) vealymves
WUUNeaiILagI18N1TUTENOULUUYBIEABY
LUUADUDLTIVIA fn1stdnndnaiduaudfgy
yosiuiauguLss Inotlymiifian sl susiuusn lu
dnvesusEUUUIENOUeIANS Ao “[BS-23] Uyl
WnnuuuklauauszuuauIAvialissudiunus

LarAn19NIsTUIBUntuLUaY” TARATURIAIILD

3INA5197 5 A1@BEY0IAIIUD, ANRREUDY
HaNTENU wagAnviia1uguwse (S veslynives

LLUUﬂlaﬁ"f’NLLa%i’]EJﬂ’]i‘LJ‘igﬂ@ULL‘U‘U“UENél@]@‘U

o

WUUABUAIUTIMUA dn15UNTRa A UANdIAY

yosfuiauguLss Inotlgymiiden sl susuusn lu
d7U999518n115UTENOULUY A “ [SP-34] ﬂzymﬁ
Aina1nsen1susznaukuuszyauwanulidng”
fininderesnuiiviiiu 3.68 AnadevosHanszny

WINAU 3.37 agAd Sl wnau 0.496
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Walafiarsananudiagyvesdyninisgainaisel

auddnlu 10 Sudunsniiuandlunisnsd 6 wuin
mmﬁmLﬁuéauimgﬁ?uwuLfaaLLaﬂﬁmmﬁﬁayﬁu
Jymfiinain “[sp-34] Jgymiliinainsienis
Uszneuuuuszyveuaalifaion” ganndign

42 WamTARTISToNAFOUaLLAT 1

n1snegeUANNAgIUTEn IRy AdIuYAAa (U
drureslguivesiuuneaiieazen1susznau
wuu dudunsmaaevauuigiu lnevinisiingei
ALY SUTIUNILA Y (One-Way Analysis of
Variance / One-Way ANOVA) kagvnuaiiléuaaus
aznguilanuuansisiuedwdidedify Aazldnis
Wi3suieuae3s LSD niaGames-Howell wan s

M597 7-10

i A NANTENUVD .
Yaymiintulu u
o yaslgm Yy N . ,2; - o a da
lassnnsrieadng — | s — | s U ANITNN 7 Namimmaauammg’mmuﬂi%m‘wﬁﬁﬂﬁmm
- ! — 1 X — . 9 ded a & Dy
L¥ymiinansemsusznauiuusyyvouunslidaaulsP-34) no UNIATUAINUDNLINAVUYBILUUNDATILES
| 368 | 1038 [ 337 | 1032 [ oaos | 1
— T —— —— $78AN5UTENBULUY
2 Jygmiiinnnuuusdaulassaisssysuniayseozvostonladaudiv
sryzvasuuanUnunssukazLUUNUSEUUYSENEU1A1S[ST-02] Aade
Jsymvas —
. W .
| | 379 [ 1133 [327 | 0917 | 0496 | 2 R i |, -
3 Jgymiieanuuuaaninenssulissysieasduaviesyylinsuiu wu Jo R R B T e e | Sy
Sodneal fuvs winan Az Tas Tasams | wan
dydnual dumds vlladan Arseiu adusdaulAr-11] S U
| 381 [ 1057 [315 | 1004 | 080 | 3 i
a HamiiiennseazdonTanliissylunuunas bifluuuveeneasidon dmulasiaine
Wy Ywavesian ANuMeLTAR ANLEINRITARIAR-12] ! ot o0ogr | 340 | 358 | 401 385
|3_76 | 1056 | 3.19 | 1.027 | 0480 | a 2 ST-3 0.001* 379 | 314 3.97 3.82
5 JaymiiinnnuuuwaulassaddlissynoazBonvioszylinsudu wu 3 ST-9 00228 | 298 | 361 3.58 3.32
Fuvis Ussan v Saydnual wesuiete 403 g1usin At AUST-1) 4 ST-10 0.005* | 281 | 333 2.63 2.60
|3.8O | 1.082 |3.11 | 1.016 | 0.473 | 5 daunudndasnssu
6. Jymiliaannsldmemsdseneuuuuantasmissusldlulasinis 5 AR-13 0.000* 246 | 317 223 2.55
Jaguu[SP-31] 6 AR-14 0.047* 244 2.86 244 2.72
|3_76 | 1042 | 314 | 1278 | 0472 | 6 7 AR-17 0013* | 365 | 306 | 369 352
7.ﬂiymﬁLﬁmmﬂiWEJmsUixﬂammulajsxw%aiwhjﬂiuﬁaulua’wmaﬂ daunuszuulsznauains
wavdunvos¥dn [SP-37] 8 BS-25 0.004* 263 3.36 2.74 3.01
[ 374 [ o957 [ 301 | 1129 [oaso | 7 9 BS-26 0007 | 235 | 289 | 219 | 242
8. Jymilieanuuulasiaiswansmnauazswmisandaudsiuuuy 10 BS-30 0.030% 223 | 2.39 1.76 2.20
anUnenssu(ST-3] dausnenisusznaunu
| 3.68 1.089 3.00 | 1.075 | 0.442 | 8 11 SP-31 0.000* 3.25 3.22 267 2.65
9ﬁaym‘17iﬁmmnﬁz:yﬁnmﬁﬂixnauufuuﬁu,ﬁm'luLLUULLﬂaul;Jﬁiwamﬁam:u 12 SP-33 0.029* 2.88 | 2.92 2.37 2.69
Tusiensuszneuwuu [SP-38] 13 SP-34 0.022* 233 292 231 2.50
|3A67 | 1.044 |3AOO | 1.273 | 0.440 | 9 14 SP-36 0.000* 263 281 1.95 2.24

10.0ymiiAnanuuuulaunuszuugufvialissyiuviuagianenis

szunethluwUaulBs-23]

|3,16 | 1.212 |3,39 | 1.037 | 0.428 | 10
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318N135UTENDULUY
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o i .
. wuunaaing % y e
e P-value | wo9 Enw | 45U
WazsIuNIs 289N
JGEN Tassns | wan
Usznauuuy Wy
M3
dauaulaseaing
1 ST-4 0.001* 298 | 344 2.79 2.71
2 ST-9 0.000* 254 3.25 246 2.86
3 ST-10 0.020* 3.04 3.64 3.08 2.96
drusuaniaenssu
q AR-15 0.032* 292 | 328 2.62 2.84
5 AR-16 0.002* 2.69 297 233 2.38
6 AR-19 0.041* 233 | 275 2.23 2,53

daususzuulsznauaians

7 BS-24 0.013* 2.65 3.03 2.38 243
8 BS-26 0.009* 260 | 3.17 2.56 2.57
9 BS-28 0.027* 37 3.47 3.55 3.23
10 BS-29 0.000* 258 | 3.39 2.55 2.80
11 BS-30 0.001* 254 | 3.17 2.29 244

dausnen1susznaunuy

12 SP-31 0.001* 219 2.75 1.92 2.48
13 SP-32 0.000* 3.40 3.44 3.10 2.83
14 SP-34 0.000* 2.40 3.00 221 2.32
15 SP-37 0.008* 229 2.89 2.46 2.75
16 SP-38 0.005* 3.60 353 3.15 3.04
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LSD wielvinsiufianandnuunnatesiegeaslu
nsAnwiunguidanuulsusiuseninngumiiu

wuinluyuueswesisivszaunisailunisiieu 16-

a a @

30 Yaulufidadeaiufaiiuuinndngnd
Uszaunisaiidesnin lnsanizdgynivesuuy

NPATILAZIIUNTUTENOULUY LEAIRI A15199 10

Aade
Uy
VBILLUU a a £ '3
dogth M99 10 Naﬂ']i‘VlﬂﬁE]“Uﬁllllmi']u@]’]uﬂi%ﬁUﬂqim
o o p- ° o v A a &
dndfu Wzl ot | gy | 1S | 1630 N157IUNLA Uy M UNANIENUNAATUYDILUY
78M3 by Yauly A
Jstnou NOAT LA IIEN1TUTENDULUUY
WU Jayn Aade
VBILLUY
dauaulaseddne faatne
1 ST-3 0.026* | 353 3.81 3.89 3.98 Sdfu uay P- ) 11415 | 16-300
2 ST-5 0.001* | 336 3.80 3.61 3.98 18015 value | 050 | 6-100 3 Ful
3 ST6 0.013* | 276 2.60 2.68 2.66 Jsenau
q ST9 0.004* | 303 3.48 3.44 3.51 wuy
5 ST-10 0.007% | 2.82 247 2.56 3.04 daunulaseaing
dquuaandaenssuy 1 ST-2 0.000* 3.01 2.57 2.84 2.88
6 AR-11 0.007% | 333 3.60 3.40 3.80 2 ST-3 0.000* | 3.47 374 3.46 4.22
7 AR-13 0.000% | 2.69 277 236 2.11 3 ST4 0.000* | 269 263 265 3.50
8 AR-14 0.000% | 2.87 257 278 233 q ST6 0.000% | 3.28 3.14 351 3.79
9 AR-15 0.003* | 3.25 3.60 3.54 3.74 5 ST7 0.000% | 3.39 3.47 331 4.05
10 AR-17 0.044% | 325 3.60 3.54 3.74 6 ST-8 0016* | 294 2.59 2.69 283
11 AR-18 0.000 | 284 267 3.03 3.24 7 ST9 0.000% | 3.00 295 275 2.26
12 AR-19 0.000* | 2,50 278 2.71 201 8 ST-10 0.000% | 286 2.84 2.99 371
dquduszuulznauaas dausuaatnenssu
13 BS-21 0.000% | 3.71 3.65 3.78 4.23 9 AR-11 0.000% | 3.7 3.60 3.45 3.85
14 BS-22 0.011* | 3.0 297 3.20 3.46 10 AR-12 0.000% | 288 2.79 2.88 3.60
15 BS-23 0.000* | 352 3.68 354 4.40 11 AR-13 0.003* | 299 3.48 333 3.22
16 BS-24 0.000* | 3.00 297 3.11 3.85 12 AR-16 0.000% | 290 265 3.03 339
17 BS-25 0.018* | 2.64 2.40 2.44 211 13 AR-16 0.000% | 267 261 2.60 1.83
18 BS-28 0.000% | 2.78 265 2,64 3.23 14 AR-20 0.002* | 3.08 2.60 2.71 3.07
19 BS-29 0.000* 2.82 2.68 255 1.90 dausnuszuulsenausIng
20 BS-30 0.000% | 248 2.05 2.14 1.79 15 BS-21 0.001* | 345 3.74 3.83 4.16
dausenisUsznaunuy 16 BS-22 0.000* | 3.06 2.99 2.89 3.76
21 Sp-31 0.029% | 3.25 353 3.41 3.68 17 BS-25 0.037% | 295 3.16 295 2.71
22 SP-32 0.008* | 2.69 276 251 3.18 18 BS-28 0.000% | 3.26 3.11 3.10 4.20
23 SP-33 0.000% | 279 2.79 2.70 230 19 BS-29 0.049* | 281 2.89 2.88 248
24 SP-35 0.000% | 283 274 3.13 239 20 BS-30 0.003* | 263 233 2.23 2.79
25 SP-38 0.002* 2.88 2.88 3.24 3.33 dausienisusznaunuy
26 SP-39 0.004* | 298 295 3.00 2.50 21 SP-31 0.000* | 255 257 2.50 1.63
22 SP-33 0.000% | 347 3.62 3.83 4.18
R . . 23 SP-34 0.000* | 275 295 278 3.66
mﬂNawmaa‘uammgmmuﬂizaumimiumi 2 Sp-35 0.000% 343 370 349 a11
MauAsanaatuianuaaiusuransenulunig > P36 | 0000" | 275 | 294 | 275 | 367
- L 26 Sp-37 0.000* | 2.69 292 291 1.93
Lﬂﬂ‘f]iy%’]“ﬂax‘iLL‘U‘Uﬂ’e)?ﬁ’NLLﬁSi"lﬁlﬂ'ﬁ‘Uiﬁﬂa‘ULL‘U‘U 27 Sp2g 0.000% 308 208 208 378
WUUKANAIIAUAINNITNARDUTIEAEREMI8TTNTS 2 P39 | 0000 | 240 | 260 | 250 | 77
29 SP-40 0.007* | 3.14 3.13 3.06 3.62




NTATIAINTTUAIERNT UYNINSFUATUASUNTILTAI

U7 16 aUUN 3 \iou AUL18Y — SUINAN W.A. 2564

TnoflAndsvesnnufaiiuniniign ldua ST-4
Hymiliinainulauiiulassaisnouninusdngs
(Post-tension) siJ"mLLé”Nﬁ’ULLUULLUauﬁizuﬁuﬁmﬁuLﬂu
1A59as19PaUnIALasuan (RC Slab), AR-12 f]agmﬁ

Winansngavidendanluissyluwuuiazldiiuuy

q

o o

YUTIALBEA WU VWINVDITAR ANUMUIVDITAR
ANugavesian, BS-28 Jamilina1nuuuuszuy
Tlfrszymssulranisasdaudaiumssvan uae
sp-35 gy miiAnannsenisusznouluuszylily
fdsneundndaudsfuiseylutuuulaulasaaiis

Judu

5. dyUna afusenadTouazdaLauauue

5.1 wamsieswiveyalladeaiuyanared
HReuLUUaUD I

greunuvasuarudlngiifumeavieiideny
26-35 U dn1sfnwiluszaudiggias Ussnauoain
Wudaans viulunidisanuenyusgludiuaes
3umuuaziivsyaunisalnisvingu 6-10 U

5.2 WaNITIATIZITEYanINUANTLYEINGY
Imang aoin winanudeunuuEnouLUYADUA Y

n1sesnuuukazaiunululasinisneasn &
Aududeunariisigazidunuin N15AIMUA
sazidead1eglusienisusgneukuunieluwuy

= o

fead1e Saildgmsegiatunuiinanndedneiu
”@umﬂwamﬁ%’aﬁammmagﬂLLazaﬁﬂiwwaw
Saeluil

1) Uy voauuuneasnnas s1en15Usena ULy
Tulasansneasng

1RAA199 vaamsefiunuluiludunuduay
NANIZNU WUIAIUVDITIBNITUTENDURUULNINTIL
yasnsiiadymifiuiniigalaenunguilywiid
Usziiulumsaamansenusazanuigaduddiuiu
vmsanen WeldRansananuddyvestamengg
wui1“ Yy ifinainsneni1sUsenauLUUTEY

voulwnulidnan”iiatunign Tuvaeiidiuny

21

o o

aondnenssuiinmsmlunisifaleymidigalasua

q

a

msAnwmuindanudenrdeaiuIiTeves Ty And
Useantiunh (2553) [12] finuingaenisanduaugiu
ANSPDNKUY Wa¥N1TIeEULARALTIne ARy
maﬁqmmﬂmiﬁLﬁudauﬁﬁmaﬁwLﬁmmﬁmmi
USEanusEVINN1900nkULAUNNTINeTEUUANSY Tivin
TudateRnanainld venaniidedinadenndestu
Nnuitresinta Amsundn (2546) [13] finuinuun
nunseentuulurusdinisunsneddayniluns
auiuns Fansenuivdmreansinaumiieu
INNANITNAFOUANNRFIULAN LA LAY
Usgaunisalvinaufiaulaaiduniniigalunis
wendiudedmiletuluddszneunsvhaudnu
9 TeludanaLiuasNansTNUYeIHANITIAdEY
auuRgu lneHanIsNagRUANNAZIUAINa1ITAY
donndesiuNaIuIeves Juay AnAusenitdun
(2553) [12] nuingaeenuuilasinistadeludeves
wuulaseadtwaruuvauszuulinssdunuy

aondnonssu Inenguilfiyusesiiuunndneiude
nguUsraunisalinnufiunnssaiisUssiuag
uansslusueenUUINNTiga

2) wuanisteosiudgunivesiuunsasisuasy
swnsUszneunuululasinisneasng

nansAneTildannsmiandiunisadasens
aTIvdeULUUkarIENsUsTneukuuilowiu Tneuus
sonidu 4 daumumanHdelumsai 2-5 fstolui

1) duveanmInulasiEdg

2) druvesmnanuanlaenssy

3) AUVDINLIANUTZUVUTZNOUDIANT

4) @HUva3eN1TUILNIULUY

IINHANITNAFDUANUAFIUVDIV Y MV UY
AeaduazsensUseneuwuuiiiadudnnudfy
(sh mﬂﬁﬁm Ao “{]zymﬁLﬁmmﬂiwmsﬂizﬂamwu
ERATNEMIS T R R YR T Falgynadananad
auddfivrdamansenusealddelulasinis 39

miﬁmi%’ﬂv‘hiwmimmaawﬁayjam&Jazlﬁamm



22

snen1susenavkuulrauysalnsudludndunis
Tnsaunsalideyatymitliannisideunldidy
wunsnrnaeuidesiuld Wieliifiiuszaunisalla)
wndnansad lldduwwamadunisdndunisld
uennigifduisitedlunsyuiunisieaiienns
szfinsfiuniurindeya add uazdam/uuamienis
LLflﬂfﬂﬁLﬁﬂgﬁufﬂ’mmiﬁ%ﬁumﬂﬂﬂiﬂmiﬁhd6]Lﬂlmam
el duteyadmiunisnsivasuauanysalves
wUULazTIensUsznavkuvlunsiauadsdely
osusulasenslvl azanunseirsenismsiaaey
aananldidunaueilunisnsadeuiuuneasnauay
s1ensUsgneuuvuiiowu e fuuuinidunis
wilvusuugeiimaiugndesauysaiuazan
YoRanaralvitiosiign uaziieidudiuatuayuls
lasanisneaied1u1sadilun1sussqgaiy

Tngusrasdnaslisialy

6. NaANIINUIZNA

N15AN YUY NITRILUUNDATIUAZIIBNIT
Usznov wuufiuldlulasimsnoasadsd fideve
nsUYBUNsEAAYINUesEIUS nwuluegege Al
Thiuuziuazduuruuanisunisinudunaiii

dsagarldlamed

7. 1@Na1591994
[1] W. Jongchuwanit “Study of Bringing in

Construction Drawings and their

Specification  to  Building  Construction
Works,” M.Eng, King Mongkut’s University of
Technology Thonburi, Graduate School,
2004.
[2] P. Pansuntia “The Study Level of The
Construction Management of The Executive
Municipality ~ of ~ Nakhon  ratchasima
Province,” M.Eng, Suranaree University of

Technology, 2010.

NFATIAINTIUAERNS UMNINYTUASUASUNTILTAI

U 16 aUUN 3 WWou MUEI8L — SWINAN W.A. 2564

[3] V. Kijwatthanaboon “New approach in crash
programming : refurbishing an old factory to
modern factory ; a case study of Electronics
(Thailand)  Co.,Ltd,” Department  of

Architectural Technology, Silpakorn

University, Graduate School, 2012
[4] S. “Construction

Senanan, Drawing,”

Technology Promotion Association

(Thailand-Japan), vol. 7, 2011.
[5] K. Lueprasert “Quality Systems in
Construction,” King Mongkut’s University of
Technology North Bangkok, 2003.
6] T. Yamane,

“Statistics : An Introductory

Analysis,” New York : Harper and Row
Publication, vol. 3, 1973.

[7] Rovinelli, R.J and Hambleton, RK, “On the
use of content specialists in the assessment
of criterion-referenced test item validity,”
Dutch Journal of Educational Research, vol.
2, pp.49-60, 1977.

[8] K. Vanichbuncha “Statistical Analysis
Statistics For Administration and Research,”
Chulalongkorn University Publishing House,
2002.

[9] Said A. Assaf and Sadiqg Al-Hejji, “Causes of
delay in construction

large project,”

International Journal of Project
Management, Vol. 24, pp.350 -351, May
2006.

[10] L. Muhwezi, J. Acai and G. Otim, “Causes of

delay in large construction project,”

International ~ Journal —of  Construction
Engineering and Management, vol. 3, no. 1,

pp.18, 2014.



NTATIAINTTUAIERNT UYNINSFUATUASUNTILTAI

U7 16 aUUN 3 \iou AUL18Y — SUINAN W.A. 2564

[11] Berlinda Lessing, Derek Thurnell, Serdar
Durdyev, “Main Factors Causing Delays In
Large Construction Projects:Evidence From
New Zealand,” Journal of Management,
Economics, and Industrial Organization, vol.
1, no. 2, pp.63-82, 2017.

[12] W. Kittiprapanun “A Study of Problems of
Construction Delay in High Rise Building
Projects in Bangkok,” M.Eng, King Mongkut’s
University  of  Technology  Thonburi,
Graduate School, 2010.

[13] W. Pattaranawic, “Guildlines for buildable
design  for  Factory  Construction in
Thailand,” Department of Civil Engineering,
Faculty of Engineering, Chulalongkorn

University, Graduate School, 2003.



Srinakharinwirot University Engineering Journal (2021) 16(3), 24-36 MIFANFIFANTTUAERNS LN INYIFEASUATUNTILTRI

UM 16 aUUN 3 hou AULIEU — SUINAN W.A. 2564

N15ANEIRAUNAAIFATHAZAMNTNTUNEILDULIAIELATAID UL INA
SUAUBUNLIA
The Study of Drying Kinetics and Qualities of Dried Banana Slices by

Vacuum-Infrared dryer

* o a o a

afsfin BBy’ AnfdnA Tunfng
anmvnaluladndsnu dindvimnssuaansuaziinnssy
wInedenaluladsnyuinany iuean 43 4.6 9.UNNTE 8.A3IIY 2.98Y5 20110
Natthapak Im-erb” Kittisak Witinantakit
Energy Technology Department, School of Engineering and Innovation,
Rajamangala University of Technology Tawan-ok
43 Moo 6 Bangpra Subdistrict, Sriracha District, Chonburi 20110

*Corresponding author Email: natthapak im@rmutto.ac.th

(Received: June 24, 2021; Accepted: August 20, 2021)

UNANED

ao &
318U

N o

mqﬂsxmﬁlﬁaﬁﬂwwauwamam‘ﬁummiauLLﬁﬁuﬂﬁwﬁwmﬂﬁﬂqiyig']mm'wﬁ'ﬁqﬁ
unlsnisn muAuUdemdsnusineg aunmiuduasUiinaidasy vhuisaunamaninseulisiae
aunslonfi3Aa wasmAduUssansnisunianutulssansuauasndanunszdu Inseuuisdundieann
ArmduENF U sEINLSosay 181-186 unsgIuue neldaududuysel 10 Alaviaaa uazgmmgiinig
UWTI 40 50 uaw 60 psrwaLdea auldanuTugavineUszanaiesay 10 NSNS naNIsARY U
nsiiuguugiisuwisdinarilisnsmssuniagedy ssoznamnseuiiuagamiuldomdanuiimzanas
Tne Fundrefimnudugarieesdsewineiosay 7.25-10.50 ipsgiuuis AuUTinathdassegsewing 0.263-0.319
uazguuRouwishifinanenuunndnsegeiitodduesdnd L* a* uay b* veswdndnst fedumssuuvisd
anududuysal 10 Alaunaana gunadl 60 ssawadea Jududoulvfivnzauluniseunrisiundae

y\lwdc{'

wenANHaun1svedifiadaiuisaviuigdaunamaniniseuuidlaangalaeadulsednsnisdndulogegn

a

WINAU 0.99974 ANSINNEBIUBIANUARIAARBUNINIABIRALANNAAWINAU 0.00462 AINITANASANISIADS

q

Afgainiy 2.432x10% wavduUsyananisunsanuulsedninaiiAegsening 6.85x101-14.03x10™" 119719
wnsseduv lnedAmasnunseduingu 31,160.83 Alagaselua

v

f: ANUAUNADINEIUT NN WUUTIRIMNAGAATERS SIFBUNTIIA FaUaINIA BULIAINGAIE

o

AnEn

ABSTRACT
The objective of this research was to study of drying kinetics, specific energy consumption,

color quality, water activity, develop empirical mathematical modeling, effective moisture diffusivity
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coefficient and activated energy for drying of banana slices by combined vacuum and infrared. An
initial moisture content of banana slices was about 181-186% dry basis (d.b.). Drying processes were
conducted by an absolute pressure at 10 kPa with drying temperature at 40, 50 and 60 °C,
completely, final moisture content of banana slices was 10% d.b. The result shown that an increasing
of temperature would affect to drying rate increased whereas drying time and specific energy
consumption decreased. The final moisture content of banana slice was 7.2-10.54% d.b. and water
activity was about 0.263-0.319. However, the changing in color of banana slices would not
significantly different in L*, a* and b* values. Therefore, the drying of banana slices at absolute
pressure of 10 kPa and drying temperature at 60 °C was the optimized condition for drying banana
slices. Furthermore, the best equation for predicting of drying kinetics was a drying equation of Midilli
with the highest decision coefficient (R") at 099974, the lowest root mean square error (RMSE) was
0.00462 and the lowest chi-squared reduction (Xz) was 2.432x10". Effective moisture diffusivity
coefficients were between 6.85x10 " -14.03x10 m’/s and the activated energy was 31,160.83 kJ/mol.

Keyword: Specific energy consumption, mathematical model, infrared radiation, vacuum, banana drying.
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BANANA RIPENESS CHART
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ABSTRACT

This research is the development of reality technology used to improve traditional
maintenance training in manufacturing. The application of reality technology was adapted to use for
12.5% of training and learning, 7.33% of product design, 6.03% of safety, 5.17% of remote assistance,
and 5.60% of telerobotic and robotics in the manufacturing community. Conventional practice is a
lecture using text, images, or videos. Moreover, the method had to stop the machine from operating
in the production line. Therefore, reality technology helps the trainee enhance their experience through
training in virtual environments by simulating the machine's maintenance procedure. Additionally, the
system offers convenience in learning and searching for information. However, this system was
evaluated the satisfaction of the engineer for confirmation to be genuinely available. In the next stage,
the system was tested by the expert engineer and comparing Mean Time to Repair and Mean Time
Between Failure of the machine in the current. The experiment illustrated the maintenance time was

reduced depending on training regularly.
Keyword: Reality technology, machine maintenance, complex machine, manufacturing training.

1. Introduction technology or reality technology [ 1]. Virtual

The Hard Disk Drive (HDD) manufacturers  instruction is currently an example of reality

have started implementing reality technology to
improve the manufacturing process to transform
it into an industrial 4.0 Smart Factory. Reality
technology mixed the physical and digital world
to present the new simulated world using all

software and hardware forms, called immersive

technology that has been widely applied to the
gaming and entertainment industry. In the
manufacturing industry, reality technologies are
used to avoid risk. For example; Virtual Reality is
used to assemble and disassemble a gearbox

simulation for maintenance training in virtual
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environments [2]. Augmented Reality is used to
make a guideline assembly and maintenance of
machines [3]. Mixed Reality is used to simulate
aircraft maintenance training, in which users can
be immersed using a see-through Head Mounted
Display (HMD) [4]. As the automated production-
line machines are very complex; therefore, the
maintenance of these machines is difficult. The
reality technology is applied in manufacturing
training for an employee learning enhancement.

The engineer maintained the machine
according to its maintenance schedule in the
production line following manual documents.
Some failure cases are not indicated in manual
documents. Therefore, the engineer had to find
the solution and

show descriptions more

themselves. An unexpected failure leads to
increased maintenance time. The engineer must
get trained to enhance maintenance skills.
Currently, traditional training is to use text,
images, and videos in lectures. Moreover, the
machine also must be stopped operating for
training result in occurring downtime increasingly.

This research presents the development of
reality technology in manufacturing to avoid
various failures in  the machine. Reality
technology can help an engineer enhance his/her
maintenance skills by training as often needed
with a time limit using the application. The
training is performed outside the production line
without stopping the machine from operating to
evaluate the training effectiveness. The engineer
was asked to perform the survey of the system
evaluation when they completed training. In the
next stage, the expert engineer of 10 participants

performed maintenance of the machine and
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compared the maintenance duration of 10

participants with the current period.

2. Related Work

This section presents the research study to
help to find a suitable way that includes Reality
technology, Virtual Reality, Augmented Reality,
and Mixed Reality.

Reality technologies can be classified into
Virtual Reality (VR) is a virtual object simulation
from the real object by interacting in the virtual
environment; Augmented Reality (AR) is a 3D
virtual object simulation to overlay a real object;
Mixed Reality ( MR) is a combination of
Augmented and Virtual Reality by interacting
through hand-free [1].

Virtual Reality (VR) was used to improve
maintenance training in the manufacturing
industry. Some industry has operated 24 hours a
day without stopping machines. Therefore, the
virtual system can help users avoid provoking
breakdowns and accidents to maintain actual
machines. This paper described Virtual reality as
used to train to assemble and disassemble a
gearbox by using Head Mounted Display (HMD)
called the " Virtual Reality for Training in
Maintenance Tasks" (VR-TMT) system [2]. The
result of experimentation illustrated user
experience right awareness level on the VR
platform from using and evaluating a survey for
27 industrial engineering students. However, the
virtual system indicated the limited space of the
device sensor of 250 mm for using the device on
a workspace. Our work presents the difference
from this paper wusing the HoloLens in
maintenance training, which is not limited to

space, and users can train independently.
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Additionally, VR was used to simulate a

manufacturing  process in  the elaborate
production line by familiarizing users with virtual
environments. For example, the virtual simulation
was used to support decision-making for design
and production in achieving smart factory [5].
Another paper presented the use of VR simulated
the manufacturing process of flat- rolled steel
products by describing the movement of hot
gases that escape from the door of reheating
furnace [6].

Besides, Virtual reality was also used for
maintenance training in electric power energy
plants [7]. The transformer of the electric power
system was simulated operating procedures to
the virtual The virtual

scenario. scenario

simulation allows users to understand the
complex system of machines by interacting with
computer- simulated  environments. The
interaction level of the system can be classified
into four modes including a) The virtual scenario
can be explored without doing any tasks by users
in the discovery mode b) Users can learn the work
procedure in presentation mode ¢) The guided
mode offers assistance for users with doing any
tasks step-by-step d) Free mode is complicated,
which users have to complete doing tasks without
assistance. The result illustrated that the 3D
visualization reduced problems and difficulty
disassembling the transformer without faults and
damage to the actual machine. However, the VR
device still was limited to space for usability. Our
work presented the difference between the
HololLens device from this paper using VR goggles.
Therefore, our work presented the difference

between the HololLens device from this paper
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using VR goggles. By means, the HoloLens can be
used anywhere in the form of wireless.
Augmented Reality (AR) assists the user with
complex assembly and maintenance tasks in an
industrial environment. Due to the machine has
the complexity of maintenance tasks. This paper
described that users could get all information
directly superimposed into the actual working
environment using see- through Head Mounted
Display (HMD) by computer- generated images
The HMD was

called augmentations [ 3] .

developed to simulate the virtual object

superimposed into the actual object by
calibrating an optical see-through HMD, which
uses algorithms to calculate the (X, Y, Z) axis
position for the 3D projection. Even though the
system is still under development, the result of
this research illustrated the display in 3D

augmentation superimposed smoothly. The
disadvantage of an electromagnetic tracking
system is fast responding to a metals
environment, which is a disturbance of a working
system. Another disadvantage of the system is to
use a cable connected a sensor to a processing
unit of a tracking system, which is not wireless.
Therefore, workspace and user movement are
limited. However, our work differs from this paper
using the HoloLens device, a wireless device and
can superimpose the actual object using an image
tracking system. The number of AR applications
adapted to use in the manufacturing community
illustrated that 12.5% of training and learning,
7.33% of product design, 6.03% of safety, 5.17%
of remote assistance, and 5.60% of telerobotic
and robotics [8]. AR was used to simulate

computer-generated virtual objects overlapping
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with actual objects in the practical manufacturing
environment. For example, AR glasses can help
workers control a sequence and equipment
assembly methods by reading step- by- step
instructions and  assembling according to
instructions [9]. AR was implemented to simulate
missing objects in the production line by a system
planner before an actual object implementation
[10].

Mixed Reality ( MR)  technology was
developed to train new workers by implementing
the Head- Mounted Display (HMD) attached see-
through camera for aircraft door maintenance in
complex manufacturing training, which this
system allows users can use collaborative
interactions [4]. This paper described both training
types between MR training and traditional face-
to- face training by evaluating knowledge
retention and knowledge interpretation test with
eight questions questionnaires.  The result
illustrated that the knowledge obtained from
both types of training was not different
significantly. Moreover, users have effectiveness
in the MR training was as good as the ones in
traditional training. MR training has limited a
workspace and motion capture system in the
laboratory. Therefore, our work is different from
this paper using the HoloLens to allow users to
train anywhere.

Furthermore, the MR was developed for
application in many manufacturing communities,
including product design, training, maintenance,
assembly, Etc. [11]. For example, MR can assist
users

in planning the workshop layout by

simulating virtual equipment in the actual

environment [12]. The structure information and
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monitoring data of production equipment were

integrated into the MR system to assist
maintenance tasks [13].

All three types of reality technology have
differently prominent, as shown in Fig. 1. VR brings
people into a virtual environment; AR is to
simulate a 3D virtual object to overlay an actual
object that users cannot interact with; MR
combines AR and VR to present the new

environment that the user can interact.

Augmented Reality (AR) Virtual Reality (VR)

=\

»

Fig. 1 Reality technology

Mixed Reality (MR)

)
€
]
=
=
2
=
&
fri

HoloLens

Equipment

Each type of reality technology has both
advantage and disadvantage. First of all, AR and
VR disadvantages are the limitation of interaction
in the maintenance training, including AR is to use
the device to display 3D visualization on a 2D
touch-screen by scanning any QR-code or images.
Therefore, users cannot fully interact with virtual
objects. In the part of VR is to use the Head
Mounted  Display to  simulate  virtual
environments. However, the VR has a limited
space of 250 mm for user detection. The
advantage of AR and VR was developed by using
MR technology for HoloLens.

User can apply reality technology in virtual

training. Moreover, these technologies were
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helpful to the user in many roles because they
allowed them to design a virtual system such as
a virtual environment, simulation, interaction, and
instruction. The environment and situation are
variable that a virtual teacher responded to users
[14, 15]. On the job training, trainees found many
problems making them get trained that is not full
performance. Because of risks, cost, and time-
limited. The training aims to create interactive
training [16 - 22]. Furthermore, the user can train
many times in the same scenario of virtual
training. Trainees get help from virtual training to
find suitable solutions [14, 18, 23].

Table 1 shows the problems found in these
below systems, such as the number of trainees,
unrealistic virtual training, the difficulty of
interaction, and limitation of point-of-view. This
project was designed to solve these problems by
using each prominent of 3 types of reality
technology, including VR, to interact with
controlling through mouse and keyboard; AR can
interact with virtual objects in the real
environment; MR can interact with hand-free,
which any virtual objects were designed from the
actual size of objects for a more realistic training

encouragement.

TABLE |
The type of training program

o ) =
Discussion
14 ® [} °
()

15

16 (]
17 ]
18 [ ] (] °
19 ]
20 ] °
21 [ ] (]
22 (] [}

23 L[]
This
project
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3. Methodology

3.1 Experimentation

The classification of the target group to
classify all to 3 eroups includes the first group
(group 1) is an expert engineer, the second group
(group 2) is an experienced engineer, and the
third group (group 3) is a beginner. Each group
user experimented with all three applications,
such as VR, AR, and MR applications. When users
completed testing, they did a survey. All 30
copies of the survey are calculated by the SUS
score and port a graph. The System Usability
Scale (SUS) is a standardized questionnaire for
system measurement [24].

In the next stage, the expert engineer of 10
participants performed maintenance of the

machine and compared the maintenance
duration of 10 participants with the current period
using (1) Mean Time to Repair (MTTR) and (2)
Mean Time Between Failure (MTBF) formula

calculation.

Total Maintenance Time
MTTR = (1)
Total Number of Repairs

Total Operational Time
MTBF = (2)
Total Number of Failures

4. Implementation
4.1 System Overview
This  section indicates a reality-based
interaction system in which virtual and actual
environments are integrated into new learning
environments instead of leamning in the
production line. The difficulty of current learning

is to stop the machine from running in teaching
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trainees, and consequently, the machine cannot
produce the workpiece. The new system aims to
protect the vulnerable during training in the
production line by training outside in virtual
environments. The virtual system is simulated
from all the information in the production line by
gathering and learning how it operates. The
information gathered is spending extended times
in learning as a consequence of the complexity
of machine operations. Furthermore, 2D drawing
and 3D visualization are used to describe the
complex machine for facilitating trainee learning.
The utilization of 2D and 3D information is a
prerequisite for designing the system, described

in the overview below of Fig. 2.

Final Torque

Machine Work
Procedure

lCreate SDlCreate 3D

8 ¢

25 SOLIDWORKS

Each scenario of
machine failure

NV

Machine Information

Insert

o—

lExportfiIe

MAYA

Create

3D Model

Fig. 2 System overview
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4.1.1 The first step is to gather all the
information

The information is gathered into an
application such as manual documents, 2D

drawing, and 3D CAD, as shown in Fig. 3.

Manual 2D Drawing 3D Model

1
5§

Fig. 3 Gathering 3 things of the information,

including manual, 2D drawing and 3D model

All three things are different location
files. Consequently, it is a waste of time searching
for any file. However, to gather all files in the
same location file for the convenience of
searching. All three things above are used to
design the machine in the production, called
mechanical design. The machine design has two
parts, include software development and
mechanical design.

started by designing the 3D CAD in SolidWorks.

The mechanical design

The next step is to set each axis's dimensions in
a 2D drawing for creating the real object of
implementation in the production. Another
necessary step is to describe how the machine
operator sets up and maintenance in manual
documents. The software development is used
to control machine operations  through
input/ output devices in the controller cabinet.
The software is running on the machine's touch
screen monitor, which can adjust values in this

interface, and the software detail was simulated
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in Adobe Illustrator for the realism of the training.

Some button is used according to the

maintenance procedure. Therefore, some detail

is not necessary for interaction, as shown in Fig. 4.

Fig. 4 Study the overall monitor of the machine

in the production line

4.1.2 The second step is to ediit a 3D CAD and

Downsizing

Currently, the 3D CAD is designed by the

mechanical designer, as shown in Fig. 5.

Remove some parts
that are not used

Reduce the size of 3D
model

original reduced

Fig. 5 Deleting some component of a 3D model

that is not used for a file downsizing

The components of the mechanical part are
used to assembly the machine. Some mechanical
part is designed for movement. On the other

hand, some mechanical part is designed for
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motionless. As mentioned in paragraph one of
this section, the 3D animation is created by
learning how the machine operates in the
production line. The central problem of the 3D
CAD design is the too large size. Thereby, the 3D
CAD has been downsizing by reducing the surface
area size for faster processing.

Moreover, the reduction of the surface area
of 3d size is to animate the 3D smoothly. Another
problem was often found, in which some 3D CAD
files are disappeared or damaged. Nevertheless,
the 3D CAD can be designed the new one by 2D
described  the

drawing. The 2D drawing

mechanical design details, including to set
dimensions of each axis, width, length, height,

and angle degree, as shown in Fig. 6.

rrrrr

Fig. 6 3D CAD designing on SolidWorks

4.1.3 The third step is to animate a 3D CAD

The 3D CAD is used to create animation by
moving objects in 3-dimensional space, as shown
in Fig. 7. Nevertheless, the 3D CAD is exported
from SolidWorks to Autodesk Maya, which found
the color of 3D CAD disappeared and all file
ungrouped. As mentioned, animation creation
difficulty is increased accordingly by adding color
and classifying the 3D CAD group. The animation
creation started by moving objects independently

from the position A to the position B according to



aq

the X-axis, Y-axis, and Z-axis. The position of
objects is established to create animation in the
keyframe. Each keyframe is an image computer-
generated, in which the quick movement of an
image depends on the frame per second (FPS),
called animation. The animation is rendered to
file with FBX extension and imported into Unity
3D.

Fig. 7 Creating the 3D CAD animation

4.1.4 The fourth step is to create a script of
controlling by C# language

The C sharp of the programming language is
used widely to develop the game engine in Unity
3D by using Visual Studio. Fig. 8 shows that Unity
3D tools allow developers to design the system
independently by using scripts for system control
for developing the 3D application. Besides, the
variety of Unity consists of creating animation,
UX/UI design, multimedia, and others controlled
by C# scripts. These scripts are attached to
objects for controlling the behavior of objects.
Scripting is a necessary component in application
development. Moreover, Unity ability can assist
developers in connecting other systems by using
assets plugin to be integrated, such as OpenCV,
Database, MySQL, and others. As continued from

the previous paragraph, the animation was
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imported into Unity 3D. The script is used to be
an animation controller and controlled the

system.

Create a script by C#

Import a video

0 =mm=mog
mm=o[] ==

Fig. 8 A script of controlling by C#

4.1.5 The fifth step is to add a QR-Code to
generate a position of marking for detection and
showing a 3D CAD

As mentioned in the previous paragraph,
Unity offers tools for supporting the
development. The Software Development Kit
(SDK) is an essential tool that can help developers
access complex systems. Therefore, the Vuforia
SDK is implemented by tracking the QR-code

marker into AR applications, as shown in Fig. 9.

Select an image for showing a 3D CAD

Download a package of all image

............

Fig. 9 Adding QR code or an image to Unity for
displaying a 3D CAD

The QR-code is generated by importing it

into Vuforia portal browser. However, computer
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vision detects the marker depending on an image
is marked as a point in grayscale tone.

4.1.6 The sixth is to build an application

Unity supports various platforms for building
the application, including Universal Windows
Platform (UWP), Android Mobile, I0S Mobile,
Xbox, WebGL, PC, Etc. Fig. 10 shows the build
setting started by using the scenes in the build
panel, which the build setting depends on

platform selection.

Build an application to .exe file

Open an application on PC

Deploying an application on PC

Select PC in the Target Device

Fig. 10 Building an application

45

4.2 Process Flow of the application
The flowchart above indicates how the
application operates, as shown in Fig. 11. The
application is designed to suit an industrial by
creating three functionalities: information,
simulation, and maintenance. The information is
gathered to retrieve machine information such as
manual documents, 2D drawings, and 3D CAD.
The manual documents describe how the
machine set up and maintain, which is the
traditional instruction. These documents are used
to design the new instruction in three-
dimensional simulation by creating the function
of machine simulation. Machine simulation is an
essential learning enhancement by using 3D
visualization and animation, which classifies
machine setup and machine operation. Also, the
function of machine maintenance is designed to
interactive virtual

The

allow users can train an

machine in the virtual environment.

maintenance training lets users learn to maintain

Machine Information

Machine Working

No

Machine Simulation .

2 functions

Machine Setup

3 functions

Machine Maintenance M

3 functions
Yes

Machine
Failure

Machine
Failure

Machine
Failure

Tool Start-Up

Sequence
No

8 functions

LELEELD

Final Torque Vision
at Zone 1

Final Torque Gang

Screw at Zone 2&5 u

4 functions

Fix a Hardware [ Fix a Hardware Fix a Hardware

Fix a Software Fix a Software

Test a Gage

Test a Gage

Test a Gage

Fig. 11 Process flow of an application



46

both hardware and software for realistic training
with the real machine in the production line.

4.3 The comparison of reality technology for
application

The application was generated for two
systems, as shown in Fig. 12, including the 2D

desktop and the 3D fully immersive HoloLens.

Mouse and keyboard

Users v
.

Fig. 12 Process flow of systems

However, both systems are different. The 2D
desktop was used to display 3D visualization on a
2D screen monitor by interacting with a mouse
and keyboard. While the 3D fully immersive with
HoloLens was used to display the 3D holographic
by users interacting with Hand-free to control the
system. AR was used to assist users in fully
interacting with virtual objects by a camera
scanning QR-code or images to display 3D objects.
Moreover, users can use the VR version without
camera scanning.

The proposed system offers a difference in
learning, in which the excellent performance of
the technology is extracted by creating three
types of reality technology, including Augmented
Reality (AR) allows a user to enable a camera
function of the system, as shown in Fig. 13, which
is tracked by an image marker to display the 3D

virtual object.
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Fig. 13 AR application

The 3D virtual object is an overlay of the real
object to increase the trainee understanding.
Virtual Reality (VR) allows users to interact with
the virtual machine in the virtual environment, as

shown in Fig. 14.

Fig. 14 VR application

The system provides users with a novel
experience in which the virtual environment is
similar to the actual environment. Mixed Reality
(MR) allows a user to be immersive the 3D

holographic  visualization  through  Microsoft

HoloLens, as shown in Fig. 15, called Head-
Mounted Display (HMD). The system offers the
interaction by using Hand- free to control the

virtual object.
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Fig. 15 MR application

5. Evaluation

A summary of the evaluation results is shown
in Table 2. The 30 participants were asked to test
the application system and make ten
questionnaires of the SUS survey. This survey
consists of 10 questions by classifying two parts,
including positive questions and negative
questions. In the part of positive questions, the
first result is shown that 33.33% of participants
strongly think that they would like to use this

system frequently. Then, 30% of participants

ar

thought the system was easy to use. At the
number of 20% of participants found the various
function in this system was well integrated. The
following result shows that 33.33% of participants
would imagine that most people would learn to
use this system very quickly. Then, 16.67% of
participants felt very confident using the system.

On the other hand, the part of negative
questions illustrated the first result is shown that
6.67% of participants strongly found the system
unnecessarily complicated. At 23.33% of
participants think that they would need a
technical person's support to use this system.
Then, the number of 13.33% of participants
thought there was too much inconsistency in this
system. Besides, 3.33% of participants found the
system very cumbersome to use. Almost 36.67%

of participants needed to learn many things

before they could get going with this system.

TABLE I

Survey result (SD: strongly disagree, D: disagree, N: neutral, A: agree, SA: strongly agree)

Questions

SD D N A SA

I think that | would like to use this system frequently.

3 9 8 10

| found the system unnecessarily complex. 2 9 11 6 2
I thought the system was easy to use. 1 307 10 |9
I think that | would need the support of a technical person to be able to use this system. | 3 6 |4 10 |7

| found the various function in this system was will integrated.

| thought there was too much inconsistency in this system.

I would imagine that most people would learn to use this system very quickly. 2 3 15 10

| found the system very cumbersome to use.

| felt very confident using the system.

I needed to learn a lot of things before | could get going with this system. 1 3 |8 7 11
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In the calculation, the SUS score, as shown in
Table 3, there were 30 participants for testing the
application and making the SUS survey by
classifying three groups, which include (a) ten
participants of group 1 were an expert engineer
or machine owner. (b) Ten participants of group 2
were engineer experienced or other machine
owners. (c) Ten participants of group 3 were new
engineer or beginner. A green highlight is a user
group with 68 scores for an acceptable user or
okay in applying the application to the training

program.

TABLE Il

The calculation of 10 questionnaires

Group 1

Group 2

Group 3 = =
27 47.5
28 325
29 35
30 15

The SUS formula calculated the score of 30
participants. There were 7 participants of Group
1, 2 participants of Group 2, and 3 participants of
Group 1 at having 68 points or more. Fig. 16
indicates the chart graphs of SUS calculation had
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many participants having less than 68 points.
There were only 10 participants of 3 groups
having 68 points or more. A score of 68 points
illustrated these participants' acceptance of using
the application. However, a lower SC ore of 68
illustrates  the unaccepting of wusing the
application from these participants. The majority
of the participants were Group 1 at having 68
points or more, as Group 1 had more machine
knowledge than Group 2 and Group 3. Therefore,
Group 1 had several participants with 68 points or

more, which is more than the other groups.

The Comparison of 30 Users in Each Group

N . O
40 /

1 2 3 4 5 6 7 8 9 10

Point

People

e Group 1: Machine Owner e Group 2: Not Machine Owner

Group 3: New Engineer Target 68 points

Fig. 16 The survey calculation of 10

questionnaires

Moreover, there were participants at having
less than 68 points, as these participants
unknown reality technology. Therefore, these
participants avoided using new technology

instead of older methods. However, the

participants need to learn about reality
technology first to know the new technology and
the learning enhancement effectively.

In the next stage, the expert engineer of 10
participants performed maintenance of the

machine and compared the maintenance
duration of 10 participants with the current period

of one month, as shown in Table 4.
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TABLE IV
The current maintenance times
Case | Count of | Sum of Down | MTBF MTTR | MTTR (hour)
Category Duration (hour) (min)
A 2 14 238.28 i 0.12

B il 83 475.93 83 1.38

C 1 29 476.83 29 0.48

There are three failure cases of the machine
selected from 21 failure cases for the case study.
That machine is 22.7 hours of run time which is
not operating 24 hours. As a result of the
production line always has to be cleaning and
stop working. Case A indicated the failure
occurred two counts using a maintenance time of
7 minutes in 1 time and stopping operating the
machine of 238.28 hours. Case B indicated the
failure occurred one count using a maintenance
time of 83 minutes in 1 time and stopping
operating the machine of 475.93 hours. Case C
indicated the failure occurred one count using a
maintenance time of 29 minutes in 1 time and
stopping operating the machine of 476.83 hours.

Nevertheless, these failures have the
uncertain occasion to occur in the machine within
the production line. Our work presented these
failures case simulated in the laboratory for
experimentation, which is the equivalent
machine.

Each participant performed maintenance of
the machine and counted a maintenance time in
each case. The result illustrated that the average
of case A is 6.49 minutes, case B is 75.39 minutes,
and case C is 27.57 minutes, as shown in Table 5.
The majority of maintenance time was reduced
from the current information. We hypothesised

that the Mean Time To Repair the machine
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reduced according to the maintenance time of 10

participants. Moreover, Mean Time Between

Failure decreased as well.

TABLE V

The maintenance time of 10 participants in each

case
Participants Case A Case B Case C
EEEFRE

1 6.54 76.57 255

2 6.49 72.46 28.38

3 6.56 74.51 28.15

q 6.51 76.34 27.49

5 6.47 75.28 2i1.55

6 6.44 78.14 26.59

7 6.52 74.43 28.03

8 6.43 72.23 2721

9 6.41 77.44 26.56

10 6.53 76.54 28.20

Avg 6.49 75.39 27.57

6. Conclusion

Both systems of the application have

different advantages and disadvantages. 2D
desktop systems are worth the investment of
training for using several computers with much
among people at the same time. Nevertheless,
this system displays 3D visualization on the 2D
screen monitor, which users cannot fully interact
with. While the 3D fully immersive with HoloLens
can allow users to interact with virtual objects
anywhere fully. However, the HoloLens has a too
high price and is not suitable for an investment of
use with many people in training.

The difficulty of the application development
was an instruction media design to consistent the
maintenance manual and transferred a complete
knowledge for workers. In addition, each failure

case had a difference; therefore, the maintenance
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procedure was different as well. The next level of
difficulty was a system design to suitable the
maintenance procedure.

The instruction of reality technology is
applied to the training program to teach users by
one-point lessons (OPL), which users take a
shorter time than the instruction with documents.
The reality technology system is applied to
industrial for the most effective, depending on
people who know the machine and new
technology. Moreover, the maintenance time
reduced according to maintenance skills
increased. The training of workers constantly will
be improved maintenance skills. In the future, we
will have added another 18 failure cases in the

application for comprehensive of all cases.
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ABSTRACT
The aim of this research was to rank No. 2076. The annual average daily traffic data were
collected between B.E. 2560-2562 by using data from the Department of Highways, and the accident
statistics were collected by using data from the Road Accident Victims Protection Company Limited.
The rate quality control method and the dangerous factor (DF) calculating were used for ranking the

hazardous points. The DF values of all phases on this hishway were below 1. The highest value was
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shown at 0.66 in the Siao sub district area. The highest value of a phase on this highway was 0.68 at
km. 42 - 43. From the results, the hazardous points on this highway were not in critical periods or
required special supervision. However, the risk points of accidents on this highway must be improved.
Hiyari — Hatto theory was used for identifying the risk points. People in the area identified the risk points
into the Hiyari map. There were 4 risk points that need to be improved and analyzed the physical

characteristics on the Highway No. 2076 to be a guideline for solving the risk points and to effectively

create a safety road for all users.

Keywords: Hazardous points, Rate Quality Control, Hiyari - Hatto.
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ABSTRACT

The research aimed to fabricate and test the prototype of animal feed pelleting machine.
The machine consists of four main parts namely, steel frame, grinding unit, mixing unit and pellet
extruding unit. The test speed of motor was selected at 1,100, 1,430 and 1,750 rpm. Three formulated
animal feed were used for this study. The performance parameters studied were processing capacity,
percentage recovery, electrical consumption and economic analysis of the machine. The performance
test of the machine showed that the optimum speed was 1,750 rpm. The percentage recovery of the
machine was 83%. The average processing capacity was 23 kg/h. An economic analysis further showed

that the operation cost of the machine was 37.5 Bath per hour with the break even point of 3,052
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kilograms per year.

machine was found to be 2.2 years.

63

Considering the working hour of 300 hour per year, the pay back period of the

Keyword: Animal feed pellet, size reducing, mixing, pelleting.
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ABSTRACT
This research study aimed to investigate the effects of temperature change and storage pattern
on the shelf life of sunflower sprouts refrigerated after harvesting. This study, which is based on
experimental research, finds the appropriate shelf life and the layout of sunflower sprouts in refrigerator
by compiling 9 sub-trials. The elapsed times of rottenness were recorded for sunflower sprouts stored
in the refrigerator at 3 different temperatures: 2, 5 and 7 degrees Celsius, and 3 different layouts:

adjoining layout, spacing layout, and spacing layout near the rear of the refrigerator interior. Each
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experiment was repeated 5 times. The statistical method used to analyze the data was two-way analysis

of variance at a statistically significant level of .05. It was found that the average temperature and the

storage pattern had an effect on the shelf life of sunflower sprouts with a statistically significant level

of .05. The optimum storage temperature was 5 degrees Celsius and the optimum storage pattern was

the adjoining storage pattern. The optimum temperature and storage pattern resulted in the longest

shelf life of sunflower sprouts for an average of 6.8 days.

Keywords: Sunflower sprouts, Layout pattern, Extremely delicate produce.
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ABSTRACT
This research aims to reduce the defective rate in the painting process of motorcycle parts.
This research applied the Six Sigma approach. Firstly, the problem statement was defined. Secondly,
the accuracy and precision of the inspection system were appraised. Next, the potential causes for
crack defects were analyzed. Then, the four factors were statistically tested: cleaning temperature,

cleaning pressure, electrodeposited paint voltage, and sanding method. In the improvement phase, the
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sanding method was improved to be both horizontal and vertical sanding. In addition, Box-Behnken
design was applied to find out the optimal levels of the three remaining factors. The optimal setting
was at the cleaning temperature of 40 degrees Celsius, cleaning pressure of 1.4 kilograms per square
centimeter, and electrodeposited paint voltage of 180 volts. After that, the optimal setting was applied
in the process to confirm the experimental result. Finally, a new control plan and work instruction were
adjusted to control the process after the improvement. After improvement, the defective rate due to
crack defects decreased from 3.82 percent to 0.98 percent. The improvement is expected to reduce

the rework cost of 81,257 baht based on the forecasted production volume of 95,069 units in 2021.

Keyword: Defective Rate Reduction, Painting Process, Crack Defect, Metal Part.
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Defectives

Response Surface Regression: Defectives versus Temp, Pressure, VoltageED

Backward Elimination of

a to remove = 0.05

Analysis of Variance

Source
Model
Linear
Temp
Pressure
VoltageED
Square
Temp*Temp
Pressure*Pressure
VoltageED*VoltageED
2-Way Interaction
Pressure*VoltageED
Error
Lack-of-Fit
Pure Error
Total

Model Summary

S R-sq R-sq
0.0065465 98.52% 9

Coded Coefficients

Term
Constant
Temp
Pressure

Temp*Temp
Pressure*Pressure
VoltageED*VoltageED
Pressure*VoltageED

(= eeie)

-0.
-0.
VoltageED 0.

Terms

=]
BN~ =R WRE R W-T

=

(adj)
7.05%

Effect

01500
04000
07500
.03500
.04500
.04500
.03000

OO0 OO0 O0OO0OO0OCOOOOO

Adj ss

.020033
.014900
.000450
.003200
.011250
.004233
.001131
.001869
.001869
.000900
.000900
.000300
.000100
.000200
.020333

94.34

Coef
.04000
.00750
.02000
.03750
.01750
.02250
.02250
.01500

OO O OO OOO0O

Regression Equation in Uncoded Units

Defectives =

Adj MS
0.002862
0.004967
0.000450
0.003200
0.011250
0.001411
0.001131
0.001869
0.001869
0.000900
0.000900
0.000043
0.000020
0.000100

R-sq(pred)

%

SE Coef
.00378
.00231
.00231
.00231
.00341
.00341
.00341
.00327

OO O O0OO0OOO0OO0O

F-Value

T-Value

10.
-3.
-8.
16.

5.

6.
6.
4.

P-Value
.000

o

OO OO0 OO0OO0O0OO0O

o

P-Value
0.

(=Nl NeNe)

.000
.014
.000
.000

.001
.000
.000
.003
.003

000
.014
.000
.000
.001
.000
.000
.003

o e e e
o
[

9.50 - 0.3538 Temp - 0.5200 Pressure - 0.02212 VoltageED + 0.004375 Temp*Temp

+ 0.0900 Pressure*Pressure + 0.000056 VoltageED*VoltageED
+ 0.001500 Pressure*VoltageED

JUN 5 HAMTIATRANNMUTUTINLAEZ NS AT YN Tanneg vesdndIuveLd dunn

Surface Plot of Defectives vs VoltageED, Pressure

0.12

0.08

0.04

0.00
05

10
Pressure

(S

195

180

Hold Values
Temp40

225

210
VoltageED

JUN 6 N3 MNURIHARDUTBIRINHAUIUNTANT WY

wazwsesnulilunisyud ED

Mean

0.075

0.070

Main Effects Plot for Defectives
Data Means

v

40
Temp
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NAMVT9AY 95,069 TU T 99za1u150anALGI 8N

WNTUINNTBUNNTDIUTELANALANLS 81,257 UM

Response Optimization: Defectives
Parameters
Response Goal Lower Target Upper Weight Importance
Defectives Minimum 0.01 0.13 1 1
Solution

Defectives Composite

Fit Desirability
0.0105854 0.995122

Solution Temp Pressure VoltageED
40.4242 1.38889 180

Multiple Response Prediction

Variable Setting
Temp 10.4242
Pressure  1.38889
VoltageED 180

Response Fit SE Fit 95% CI 95% PI
Defectives 0.01059 0.00481 (-0.00079, 0.02196) (-0.00862, 0.02979)

Optimal Temp Pressure VoltageE
High 4.0 150 2200
Cur [40.4242] [1.3889] 180.0]
Predict  Low 280 050 1800

D: 0.9951

JUT 8 namsmAnTivazanvesiazUady

AN5199 5 Han1snaapuiuduNalSeuisunauay

UGS
dnduveady P-Value
neuUTuUe 0.0382
— <0.0005
LGNS 0.0098
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