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Abstract

This research has brought the Internet of Things technology to support automatic
machine development. It aims to design and develop a mini CNC milling machine-
controlling system with high-precision suitable for wood, acrylic sheet and small
workpieces, and easy to move when compared with a large machine. This research
was carried out by using ADDIE Model, including analysis, design, development,
implementation, and outcome evaluation of small CNC milling machines. The CNC
milling machine operation can be controlled via a web browser developed by Node-
RED software and the instruction dataset is transmitted by MQTT Protocol, a core
standard protocol of ISO/IEC 20922:2016. The results showed that the movement of
the mini CNC milling machine can be controlled precisely. The variation in the X-axis
is 1.00, the Y-axis is 1.00, and the Z-axis is 0.99, and it also reduces the problem of
installing the driver package on the operating system.

Keywords: CNC, Control system, Internet of things technology, MQTT
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A5197 2 NANISVNAEADUTLYLLAADUNVDILAU X

ASIN/sze
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7 10.1 20.1 30.15 10.1 20.2 30.25
8 10.15 20.15 30.2 10.15 20.1 30.15
9 10.1 20.1 30.3 10.1 20.15 30.15
10 10.15 20.2 30.15 10.15 20.15 30.2
Mean 10.08 20.13 30.165 10.12 20.15 30.175
SD 0.06 0.05 0.06 0.03 0.04 0.05
SSE 0.09 0.19 0.30 0.15 0.24 0.33
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R-Squared X-axis
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Wi 8 nuansteLaA1ANURULYS (R-squared) Tuluaunu X

ASIN/sze

Y10 Y20 Y30 Y-10 Y-20 Y-30

1 10.15 20.2 30.15 10.1 20.2 30.15
2 10.1 20.2 30.3 10.1 20.1 30.3
3 10.2 20.1 30.3 10.2 20.15 30.1
4 10.1 20.15 30.15 10.15 20.15 30.15
5 10.15 20.2 30.15 10.05 20.3 30.15
6 10.1 20.2 30.3 10.1 20.1 30.3
7 10.2 20.15 30.1 10.1 20.3 30.2
8 10.1 20.15 30.15 10.15 20.15 30.15
9 10.1 20.3 30.1 10.25 20.1 30.2
10 10.2 20.15 30.2 10.2 20.15 30.2
Mean 10.14 20.18 30.19 10.14 20.17 30.19
SD 0.05 0.05 0.08 0.06 0.08 0.07
SSE 0.215 0.35 0.42 0.23 0.34 0.4
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R-Squared Y-axis
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y = 1.0076x + 0.0017
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AW 9 nIMuaRITaaAIAINNRULYST (R-squared) Tuwiunu Y
A151971 4 HANIINAREUTEELMADUTIVEINY Z
ﬂ%&‘ﬁ/ﬁ:&lz Z10 Z20 Z30 Z-10 Z-20 Z-30
1 9.8 19.5 29 10.2 21 30.6
2 9.5 19 29.6 10.5 20.5 30.7
3 10 19 29.8 10.3 20.3 30.6
4 9.5 19.8 29.8 10.2 20.2 30.2
5 10.1 19.7 29.6 10.3 20.5 30.6
6 9.8 20 29 10.5 20.5 30.6
7 9.5 20.1 29 10.3 20.3 30.4
8 9.8 19.6 29.8 10.2 20.2 30.6
9 9.6 19.8 29.6 10.3 20.1 30.5
10 10.1 20 29.8 10.3 20.2 30.4
Mean 9.77 19.65 29.5 10.31 20.38 30.52
SD 0.24 0.39 0.36 0.11 0.26 0.15
SSE 1.05 2.59 3.64 1.07 2.06 29

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy

4 avuit 1 e, 2565




Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 12

R-Squared Z-axis
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[
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Abstract

This research is a development of buckling test of sheet metal causing
wrinkling. This was conducted by using modified Yoshida buckling test.  Aluminum
alloy, AA5052-H32, with a thickness of 1.0 mm was tested in two directions: rolling
direction and transverse direction. During the test process, the strain on the tested
sheet was measured by using Digital Image Correlation (DIC) together with Finite
Elements Method Model with anisotropic Hill'48 criterion and swift hardening equation.
The strain value gained was used to identify wrinkling initiation from the theory of
strain path change and the changed area was used to establish wrinkling limit curves.
The results were found that in the rolling direction, the strain ratio was at -0.5425, and
in the transverse direction, the ratio was at -0.6848. The anisotropic Hill'48 criterion
was able to estimate the differences of the forming area before the damage occurred
by wrinkling precisely
Keywords: Modified Yoshida buckling test, Finite elements method, Anisotropic yield

criterion

1. umin
n15¥ugUlanzunuaindanumidniuidiwinezgidideunay (Aluminum alloy)
Ingnzinsafivauifiimdniuwaiauudusgs Wgnmhuldlugeainnssuniswdned
uwnsvanglagan1zed 1989 gnamMnTsHTIUAILEUEUA gRannTTUNGASuIluATITeY Ui
Jadenilandenaranistugllavzuruegavindedlaeinas Jayminisiinge sguuuiuey
MRIINNSVUIUREAS T Tgaiman1seuRena1dnazing13INn15EA18UNANINTEIN
| Y = a1 o = ] Y a & = a .
WU ANUAUNA wsaRenldasinate wsedeuneliiniluniseniglufieainunien (Strain)
A Y a & v v A & = = = = - & I o g v &
ndwalrusutuinsdadmidesuiuilennunigaiinnun Iaauiinduniniseinliiu
Wusesduiivinuiafunulasgnsdaiau (Banabic, 2010) weandayuinisiinsesguain
NIaNANTUAINET Bayraktar et al. (2005) lavinnisnadaunisineussledag iieusziiu
Ingrinn1slnedrveslansurunoun 9z nen 180158 ulARANUINUIIAINGRVBINTT
MA#aU Yoshida buckling aglusziuanuiaTensi (0.1% - 0.2%) Fedslinsoungudmsu
nsUsziluauansalunstuglvesianesgiiounaninsaiiiawilveglutagu deoun
Kim et al. (2000) lavinn1susulsstunaaeuludvieleding lngisuainnsvingunsaiuiug

A153U80 TazaInABNIINaaaUlTdRaAINAINNNINLALAINENINLANAIAY NUINLTLAU
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ALLATEAUIIAANGALINTUBETN 0.2% D9 0.25% FNTUNITNTIVIDUATATINANTITEUU

& 12 a o & d' o a 1 v 14
‘Wu%mmﬂmmmmmmLﬂumasuwlﬂisé’ﬂuﬂﬁﬂizLuuamwmiaumamaﬂ ANTAINVBULYA

s 9

o w 1

Fasrtanmstuvuiugunsindetnduinengfinssudeunuunistuusiaams (Non-
flange wrinkling) 91n91UAYBV8Y Han et al. (2015) lvasdulindnianisguainnisageu
nslnsvesludvheledazandunnasuiigunsusnadafinandsiudieisnsmaaeuns
Jeauuvesyaraaien (Basification paths) saenisinasslnlusiediud wuituiim
IngruestununaseuiissiumueieailndifestungfinssunisSuianstuaunseitonis
\Annsgunuvanysal Tae Won et al. (2019) leuansfadudndrdanisguiianuddylu
msUssidiumuamsavesnstugulddmivlaveuiuiutunuiiiiunisanntusuanlagld
U WLC wa3¥an TRIP1180 shwunsmuglufunisdiaesnisanntugulurisnarafindnumne
Ademerasi uiatuau Tnsuansnafureuiwnaudasadelunisdugy (Forming
area) WLAVBULINNTTEUULA UFIN5INT (Wrinkling area) Idagnsdaiaurinlvnsuds
ArwansaeIn1stusUldvestanioufiasdeveainnissudieisnisviunelaglaividli
Auddestanlunisnaaes msadradu WiC Widnududelinisiueanuusiuglad
WMATANITATIVABUAIINYNADIVBLEU WLC 31NA15918039uaEN15Aa8lAg Du et al.
(2020) laldszidaudsinlusdieofiuudsuiuinueinisasinves Hill48 Tun1sdnasenis
nagounsinwesluinieledazvosianauauiaa 304 uaznImAaes NUINgAANATEAT
Jeauuainmsdiasaiieaiiadu WLC fianuaaimndousgi 2 % WeSeuifisuiunis
G0N

Al ddldvinatauinsaiindudaditanisgulutanerqiidounauingn
AA5052-H32 mnuvn 1 fladlns lufieynenauuniauazvnuunia ielvinasuaguiu
msUsuduamudemennnssulunistuguanildautuogaundvansluilagiu fens
$1009$81NAAN13ATIN HILL48-R LAZRTINABUATINLATEAULLHLTLITUNAAOUA BT UL
Digital Image Correlation (DIC) Lﬁaﬁazmwmmmmsalum?ﬁugﬂlﬁ (Formability) v04
Yanozaiilonnauinsn AA5052-H32 Tuustazuuriafiunnsneiu Fadutladedrdnlunisi
fagluldemilunszuiunstusulimngaudeuaninanudemedismsguuinauuni

Y2ITUINUIINNNTTUFY
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2. InUTLaIAYaINUITY
) % Y A o w 1 & o w a & A = 1%
Weawasududadninnisguuuiugunsinsd miuussliuiuinistuguldves

anevalilloudaaumngn AA5052-H32 AiFN19UaMUITALANA1IY 2 iavne laud firnig

ANUBUITALALAANIVINILUITA

3. A NHUNUIY

dnSUas sl Uil s as 1 duiasTanasg usaenisnageunisinves
Tudvheledag duazudseandu 3 drudioduiie mswIoudunaaeulufnielodnzdqe
AAN19IULUITALALAANI9VIIUISA N1sTaeemeseileuitinludiefuudaieinmueinig
asnuaulalansalnues Hill48-R wazn1snagaunisinsuadluneledazluesufufinig

3.1 MIFRILTUIUNAGDU

Tunnsneaounsinswesdudneledas Han et al. (2014) Tainsinsonduay

VAEBUTS 6 WUU TN fiAm19n153a9t 0 wag 90 sermunni 1 Inglddunaaaumun 1
fadiuns TnediseiinnulAs wardnduruniaseauenunnmeiy was At 2 dedu
VARUYNUNUAEFI8NYT A-O A-M B-O B-M C-O uay C-M lngasdininsdoudunudmsy

NAA0IW1YAAY 3 TU wasdlvuIndndIuAIIUNTIMAEAIINEINWANA 1T W alHLAR

ANNATEAUIHAANG A lAATEUARY

(n) (v)

] g ay a a gj a
A A 1 nsanTunadauluAneleTns tEeLuIIn

(N) RANANUKUITA (V) NANIVINIUITA
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50

A-O . A-M B-O 50

AR1I 4-R46
1x8 ‘ 4R11

161

241
141
121
221

141

65.40

46.91
51.03

- e C-0 -
B-M ] C-M F_‘

4-R12 4R55

4-R45

221
22

=
121
121

52.22

Unit : mm

a Y U ag Y 2 a a
AN 2 YUIRAINUNINE ALY LLa%'ﬁﬂMIﬂﬂ maaﬂjuwmaaﬂmmﬂimm

3.2 n1s3asadeiaavrannlusunsulnludiediuud Luudiassnisnadaunising
luaneledng
A3 LUUTIR0 I UA2Y8T uUNAEe UL UL UUNS I (Solid) nd191nTuF s
wuustamsssudueaiuus (Solid elements) staduldwiliniodiuud C3D8R $1uIw 2 Fu
m"mmmvim‘[mﬁmuml‘v’fmﬁL@Juﬁﬁwmﬁuﬁmilﬁagﬂ (Deformed) waglanuauuin
LodLuud (Element size) U%Lamﬁuuﬁ%ﬂqm (Local refinement) 71 0.5 mm n153asLmLa
Yauuusians fauansunmd 3 nssasimsiamageuluanuidedlaldnisfuanuuna
TAuuuTauds (Dynamic explicit) lasfmuainasinisasinueulelalnstniduaunisnis

AdinAnans WUy Hill's 1948 planar anisotropic material model (Hill, 1948) faauns7 1

2f(0) = (G+H)oxw® +(F+H)oy?- 2Howoy + 2Noy =1 (1)

dle F, G, H wag N Ao Arpsiduaninaanvuzuouleleanseln awnsamunmla
' a sa v = = &
IINANMITNBINLAINNITVAAOUNTAINUAEIVBITUNUNAFOUAIUNIANTIFIU ASTM E8

1Agu1AIANULAUATINVBIT UNAFBUTI O Lag 90 aeA1 wagaUsenauweulalanseln
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(r-value) Timlgansandinvesemuasealunnnetemumuantuneae i 0°, 45°
uag 90° M3siapngimsnageulaensistunuauinaudemevestunaaeulufvhe
Tedaglufirmemuuisanasfianwuse Wednwusnaingavestunedeulngnis
dndunnanuieseadldannunaingeuinfennsmanuduiusseninsenuneandn
(Major strain)uazA1uLATEATEY (Minor strain) Lﬁaﬁ%qumﬁmwu (Basification) Tu
nsszyInluveuwnvesnisidemenionisguvasian AA5052-H32 Tuaaafianiaindaaig

wANANaf LNt eeenals

PE, PE22
(Avg: 75%)

. . . . .
o P 0 ) I ) ) s T
. . . . . .

Side
PE22 view

PE, PE11
(Avg: 7506)
.003

0.
-0.037
-0.078
-0.118
-0.158
-0.198
-0.238
-0.278
-0.318
-0.359
-0.399
-0.439
-0.479

(n) ()

Side

view

AMA 3 wuuIaeInsNAEeUNsInswedleding (Yoshida buckling test)

) NMSANAUATBUIAVBINITINAB (V) FHIBYHATNSUBINITINADY

3.2.1 audndan

TusnAdeilldlivanesgiidlonan insn AAS052-H32 ATumun 1.0 fadiuns lng
Iilavzunudsnann Tuvinnsmageulsads (Tensile test) Auannsgu ASTM E8 Litofiay
1AM31UALLAUITY (True stress) kagAIIULATEATSY (True strain) wazdausenauneulely
5090 (rvalue) gniunadialdsaiiudulag vesian AA5052-H32 oguufiugiu
AMUFNTUSAMULAY UALALLATEADTS TUARINGANTINANTENAUNITATINGD 113
IFuLUAsu3Un195 (Plastic deformation) mun131eit 1 anduldaunsvitliudadag
ANLASBAYRIATHA (Swift hardening law) Auaunns?l 2 itefagldlunsussdunginssy

vavianlutimaainfiintuseninan1stugy adilauansfswnged 2
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EZK(é‘O-I-Ep)n (2)

[y

UUSLANSAINUATULS

W K fs
= = ] =l 1
& fp ANLLATEALUYIEANEY

€, fo MNUATERtUTIMIUREUIUNNIS

N Ao @YTiaInNIsyldememnuLeSen

A15199 1 audinienavesian AA5052-H32 AUl 1 Tadiuns

Test Yield Stress 0.2% Ultimate Tensile % Elongation
Direction (MPa) Strength (MPa) Total Value
0° 191.91 250.89 14.2 0.5058
45° 194.13 246.55 16.6 0.9298
90° 201.53 256.04 13.5 1.2798
asneil 2 AdanUsannaun sy liudsseaunsenuesaEing
. Fulsedvdanuduuss | ANuASEnYIsBaveu wauddanmsrliuds
i (9 (&) MEAIASEA (n)
AA5052-H32 358.9449 0.0026 0.1236

3.3 Mavnaeunslistuslungledngluiesufoans
NNINAGBUAILLAT DINARDULTIAY Instron wum 50 kN Arug luiunisinen
ATILATEAULULHLT UM LUMAdaUAIBS UL DIC aviauareiaduuudavhnisuass
(Spackle patten) asuuRad uaulaelddasddvndusinailddeniudidas (Plastic
dip) ldazouuamiududsosiuiueu mnifuiicld 10-15 wilauduiudmuadsdiuay
ey udinlidesaudui udimudadssamaniuoremeossrrnuda s

msfiszezinaUszana 1 We Wenuasddiudinznuindasnszaeilugn (Dot) Audves

o [

AFAIABINILUINTFIU ARAMIS®- 4M, 5M system  senineiuailsdmissednsedalalags

9

v a

wlandasuvsedunnasluiieiudvanasneanainiy nasaintuihdunuluiudauuuiniu

9

¥
v oA a

FuUULAIUINTUILLA1UNUAUNUT LINULNANITAAUTENINAIPIUAINT 5 dIUNITINAT
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aneSuntuunadeulaldinIasinmuLASeadeNSIAAUT ARAMIS® fisvezndaduida
34 CM Tugnenmiielumuainanueioauulusunsy ARAMIS®V6.3.0-8
nMsAsgununaaeulufnelefavia 6 wuudesteAndunfinstudinawliduius
fupnudirmeaeuluauddeiialdnnugimd 50 fadwns/unfiuazanuilunisaionn
agjﬁ 1 3ufise 1 Aw ﬁﬂﬁ]u%’u\ﬁmw}ﬂLLéJ’JVT’lmiMEMLﬂ%‘IE]WIﬂaaULLﬁSMQﬂﬂWiﬁWEJﬂ’]WR]Wﬂ
ndes ARAMIS® wdnliufindeyanismaaeuainiad smaaouussis I8un uss (Force) szoy
949 (Displacement) a1 (Time) Tunthe@iduiundl drundes ARAMIS® ¥insiasieiam
Felusunsundatuiindoyalunisnaaoy Aed dunmiid usuiudeu (Stage) a1

AULASEANENWALANAILLASEATOY

Tensile test machine ===p Load

- .

Visualization

Speckle GOM ARAMIS®
pattern v6.3.0-8

CCD CcCD
Camera | Camera 2

AN 4 LASDINAADULSIALAZLIATOTIAAILLASEAMIENITLARDUN ARAMIS®

4. NaN15INY
4.1 mInsIvaeuaugnassasliaatludiofiuud

n¥annnisimaaeuiunulufnielednglasdinnmaaesdigaay 3 Ju ldviinng
nSonnsmanuduiusseninaduldusuazsrezadait unutuianiaidesudunanis
$reoshiludiedundfenusinaasn Hil48-R vestuniludveledagiislufianani
wuriAuasfianIerauEe namssiaesas e fismamuede tuldusdy
msfstugUinnnfiemsmuuunia Suilownnautinaadin (rvalue) dufidunniuia
madegdldennndy munmd 5 (1) uax () uanifteifiuauiulaiussidunuiissozada
Ferfufianulaifinnuuendnsiusasdufivensuldfissdunnuidiesiuneadan 95% Jslé
lnsnadeuneadfvuuyszwng 2 nqulagldn1smegeauluy ttest AILAAINANITNAZFBY

a

MIABARIRNTIN 3 HoRINTUNULAAENENTIUEl Force-displacement Limiloufiuuazaz
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mfmqLLamma%’a:ﬂamNaﬁasum%jmwuwiazmjmi’mauﬁfwmm AIFBUANINANITNAFRUADRA
yo3tununga A-O lufirmemuuuade Wewuiilifaruusndsfuiisedudedidy 0.05 i
msaeuazmInaaasisdeitlunaiarugnios daudununguduldvhmsuanmaiduga
aupIeaiildannismaaesd 3 a3a TuununmaueisandnuazauATeaTas A

LAPINUNUINAINPVBITUINUNAADUIIN DIC BUAUNANITINEDS

15000 5 15000
14000 4 (n) 14000 4
13000 3 13000 4
12000 4 - 12000 4
11000 3 11000 4
10000 3 10000 3
Z 9000 Z 9000
E 8000 o = 8000 3
S 7000 - Rolling Direction £ 7000 §
= 6000 3 Fxp. A-O-1 = 6000 3 ! Transverse Direction
5000 Exp. A-0-2 5000 / Exp. A-0-1
4000 3 Exp. A-0-3 4000 — Fxp, A-0-2
3000 4 ——— Hill48-R 3000 3 — Exp.AO3
2000 4 2000 —=—— Hill'4§-R
1000 3 1000 3
§ T 0 T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 01 2 3 4 5 6 7 8 9 1 1
displacement (mm) displacement (mm)

a = = Y 5y ° o s a a
AN 5 ﬂqiLﬂiﬁlULWUULﬂUIﬂQLLiQ‘iﬂﬂﬂ’]3"\]'1aaﬂﬂ‘Uﬂ']ﬁVl@a@QSUQ\TSUUQ’]UINWW’]EJIEJGUGW

MBE1FUNUNGH A (1) AANAUKLITA () TANI9UIIA

a ] ' = &£ o s _a s
M13199 3 NAN1INAABUYTEYINT 2 NFUTENINUTFWUTUIINMITRelludiodiuudiuay
useRsusUNInaaedlagliifianuuanseiuiiseAuaesiu 95% Y0eiIag 19T unUNgy

A-O TURANIIAIULUITA

t-Test : Two-Sample Assuming Unequal

Variances : Rolling Direction EXP. SIM

Mean 13012.590 12879.257
Variance 15833.333 10000.000
Observations 3 3

Pearson Correlation 0.397

Hypothesized Mean Difference 0.000

df 2.000

t Stat 1.835

P(T<=t) one-tail 0.104

t Critical one-tail 2.920

P(T<=t) two-tail 0.208

t Critical two-tail 4.303

p value > 0.05 0.208 Reject the hypothesis H1
t Stat < t Critical Reject the hypothesis H1
The Force-displacement between the simulation

and experimental is non different. At the 95%

confidence level
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NaNTAFUNISERAveIUTEYINg 2 nay Taedl szdunrundesiu 95% wui
A1 p-value Te11NNI1 0.05 Uagen t Stat Weendn t Critical JswausuauyAgiunan (Ho)
e ussidunuiisserrdnfoiutinisiaeuaznimaaesiiegnaiunungs
A0 nuitlifinuunnssiuiisesutedfavneadn 0.05 dunansilunaliludodwus
YaamInaaaun1sinsadluAvhelefingiinnugnaes

4.2 MssrynIsEuRuTRIIs UL UNsTng

nsimudUlAaIINAN1sguIINNITNAgaUNITinsvadluANeleTng wanads
Tagriannstugy vesan AA5052-H32 wun 1 fadiuns AdfufinsusUld (Forming
area) flouflazidiuiinsidemedienissy (Wrinkling area) Tuusvaingf (Critical area)
EuswaruaIen (Strain path) ludumisfisulnmenulndusuaanuaieazidonuy
29NAINAUANNINUITBVDY (Han et al., 2014; Han et al., 2015) Lag Cheng et al. (2006)
Taeisnnsszymsisudugu sullesnainanudunadenaliuinaingaiinaviliidums
arunaseninindeauu il 6 SenedfunisBudunmsgulunistugulansusiuingin
duvsznavvasananaisaaesvdaldun AuAafifanuaieads (Tension) uariufafid
AnaATEANA (Compression) Aedsdanunsnininadraduununindadidanissulae

a v a a A v ¥ & a v | . .
NWANTUIIIALAUNINIAINULATEAN LU ENLUUE]@ﬂ"i]’]ﬂﬂUU‘ULUU"\]q@LiNWUﬂqiﬁlu (erﬂkllﬂg

initiation point)

0.040

a0 :
(n) Evaluation area . )
0.035 1 : 0.035 4
~0.030 1 . ¥ 0030
1 i L I—{ £
g 0.025 A \ Z : E 0.025 4
@ 7
20020 1 20,020 4
- -
= =
- -
':;" 013 Tension (A-0) 20057 Tension (A-M)
= 0.010 4 Compression (A-0) = 0.010 4 Compression (A-M)
—==" Tension (B-0) === Tension (B-M)
0.005 Compression (B-O) 0.005 4 Compression (B-M)
Y  Wrinkling initiation 7% Wrinkling initiation
0.000 T T 0.000 T T T T T T T
~0.040 -0.035 -0.030 _0_025 0.020 0‘015 0_0]0 _0_003 0.000 -0.040 -0.035 -0.030 -0.025 -0.020 -0.015 -0.010 -0.005 0.000
Mineor True Strain (-) Minor True Strain (-)

AN 6 FIBE1NASUAUNTEUVRITARA AA5052-H32 UUHIUFIUNMIINITATIN

woulalensaUnvas Hill48-R (1) AANI9AINLUITA (V) AANI9VINLUITA

Tugn1ugn15guus N (Non-flange wrinkling) Tae Li et al. (2021) na1131

vaulunnsTuglegneladndiuninunsen ¢ = —2¢»ABlUan1zn1SAWNUALT WAL
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QL =—@, ANANUATYARBUVTANG HaINNITINRRINUINTUNULLANEleTALTS 6

wuunaninaldugaisuAuYeINIsEusangaAuAIen (Strain point) lnan1snaaaunIsn

Fuauluruineig o TuAANIRINLEISTA kag NAN19YIILEIEA N9a0IiANITuiyan
&

ANULATEALTEAUUIINTUIIRAAULATEANTIIINTAS 1EUNTIAUN T DN AENTIU WU

a

22usUle tay NUNNILEememen1seUnUNINg 7

Y

0.035 0.05
“ \ AAS052-H32 “ \ AAS052-H32
0.030 9 (n) ~ N Rolling Direction (x) ™ N Transverse Direction
™ _ 004 S
=90,025 4 ~ N 0 “ \ @@
£ ~ N\ £ ~ N\
= ~ ] ~
£ 0.020 N~ n \?Z'Q‘@ g0 P=r S \\
@2 &
g P~ g (Strain Ratio=0.6840) ~ \
5 o i atin = - o

e 0015 3 (Strm\{-ﬁ?_ﬁﬁﬁ;ﬁ] ™~ ~ \\ B 0.02 4 WLC-Hill'48-R ~ N N
z Wrinkling initation point . N _E Wrinkling initation point N N
‘= 0.010 Yoshida's Specimens S \ = Yoshida's Specimens N \
= AD B-O ™~ AN =001 A AM B-0 ~ Al

00054 A am oM N A0 @ CcM NN

H BM @ co ~) B B-M c-0 AN
0.000 T T T T T T .00 T T T T
0,035 -0.030 -0.025 -0.020 -0.015 -0.010 -0.005 0.000 -0.05 -0.04 -0.03 -0.02 -0.01 0.00
Minor True Strain (-) Minor True Strain (-)
(n) ()

MW 7 W UTRINRNITEUYRT AA5052-H32 UURUILNGINITATIN

woulalensaUnvae Hil48-R (n) AANIAINLUITA (V) AANIGYINLUITA

waildnnuuuaedirlufiediuudvedunaaeulufinieledog fenasinnsasn
woulelansaUnuwuu Hill48-R Uuﬁugmmamﬂ’ﬁwmaﬁﬂﬁuaﬁaa NUIUIIVING AV
Jununadeuiuansuansiassiufinnuaenadesiunsmnassiigniasgidewmaia DIC
ﬁguﬁﬁnm’iﬂqmﬁiﬂa’lﬁsmﬁummm?%’asuaq (Schleich et al. 2009; Du et al. 2020) la¥in
mMsuananmmsidesUludiunisszezeinifedtulass1sdeunaingamnaaioaildain
duuwanuaieaiinindonuulasuansea nnil 8 wansnmiUSsufisuiuiiaudeme
Tudnunizenaeieandnuazanuiaienses vestununmaaeunisiisededazion
nMavmeaestunudildihnisuanaemeieaildaniuiiamdemean

DIC Aiszazvdaiferiudiunissiass 9nawdl 8 ﬁ;mmmm%mﬁ% 6 qmﬁuﬂauaﬂamusms
Sudunsguazlalunsadriady WLC auauiseves (Du et al,, 2021: Han et al., 2015)
Tnsaunmsmuauidaduiseguuteyainmiuiaiondivsuenaniugnisisudumssuuuiugu

ANULEYUIEAILNITENGVINITINADILALNITNAABINITNAFBUNITLNILUULETALIG 6 TUAIY
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NANITIVBAIUAAIEATIAUNANITNARDIUDY (Narayanasamy et al., 2008; Li et al., 2021)
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Abstract

This research aimed to study operating principles of steam-powered thermal
water pump, the use of various heat sources, height level study, coolant quantity and
temperature, and air quantity in the system affecting driving and pumping water. From
the previous studies, it was found that using steam to drive and pump water was a
way to increase pumping capacity. This was relied on the steam power produced to
drive water and release heat by the coolant. Reducing the coolant temperature,
increasing the coolant volume, and direct water cooling allowed the system to pump
water at greater depths. This was due to fast dropping temperature in the tank leading
to condensation and vacuum pressure. Therefore, as the temperature inside the tank
dropped, the absolute pressure also dropped, so the system was able to pump at a
higher level. Moreover, the proportion of air inside the system could increase the
water-driving pressure. Therefore, after driving water was completed, the air inside the
system had to be released along with steam ventilation to get the system pressure to
be as close to the atmospheric pressure as possible. Condensation was still
problematic because air collapse was difficult, so the system needed filling new air in
every operating cycle. In terms of pump efficiency, it depended on the input power
into the system and the amount of water pumped and the total height of water
pumping. Therefore, reducing the temperature inside the pumping tank during the
cooling process was able to increase the vacuum pressure, and this allowed the system
to pump at a greater depth. To increase pump efficiency by reducing the loss of energy
supplied to the system can be achieved by increasing the number of operating cycles
that is more than one cycle. In addition, by increasing the amount of water pumped
per cycle and increasing the pump tank size when the system can pump water at a
higher level, the pump efficiency is also increased.

Keywords: Direct water cooling, Pump efficiency, Thermal water pumping
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adaduaunszianisludsnnuduneludavinduusseina Jandr B udaudand A
dielilevdnlulugs wazduhesniinid C wazvhoniludnvasiorfiluseude 91U way
FusuUsamevhedlfidunuusaluii® wudn ssuvasdesudalotrfigaugdunnndt 100

v v

asangaldoa laelulddisiuuas Collector WU 1 M1SIUUAT AININT 2 1WUFITUSIE

v '
o I

919108 uandsludmtieduin B ot lasumnudaunvzsemeaunatsdule druvelewn C 7
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ISP v v W

Barurhmdiasiniiiteanutaonde Hiunndiiundu £ Wz ngiadunu D Maiunau E ag
Unidloseduiiludeiudu D anszduasau gnass G sasuRndiundy E awndn et
Tudsiudugniusuoaniing | kiusie J aumumasinnsmuuturasledinelufdudu D
yrlAnayan ksl | In dunds L Aasdadlosnnsifngyainanigluds
fudu D shlvgeiidngfeduiu D augnass F fund € Whda delsledlvadigdiuy
D 2dafundu L axln uasduduiluds D eanlaoriuanda 1iu 1 seuntsvieu lu

MAjeililivensvaBenvesruadunisguin

4.8 % o
awd 1 duguiuuuend

(Jenness, 1961)

nannNIsuvsnasasturuilagldngsnuleun eegiu netun (2543) laauna

) ) & PR v ) . .
auN1INE1U (Energy equation) Wuaunisilaainnisldndnnisnsandanu (Principle of
conservation of energy) fuveadlualnfoui wasuiliaanveslnalrdsuniusznauluniey

WEIIUINNAMUAY AULET hazAILNL UanaNdnarFenafindsnuniiulvivveslva

[% ' '
= 1% U A a

VIONRINUNGYAUAATUBNATY AeludafiasanaunIsiwesyad nsdlvesivagasilila

uwardinsgayidendauminannisivavesvediva feaunisi 1
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ql & %’I a o v wa
AN 2 ﬂiJEj'U‘L!’]LLUU‘?I’]L’JiVI’N’]U@WIUiJG]

(Jenness, 1961)

2 2

P v P, v,

—+—+z-h = —+—=+z, (1)

Ps 2 P 2

o P, = enwdulevesiafvindeu Rlaviaana)
2 a Y , 5 v 1 a =
vi = enudivmadiviedailvandu (wnseeiund)
‘:q'
zi = ANEWIN 1 (A9
he = msgydermnuiuvesvesivaiioanaindmdanuletiauiaduiu
WwuuY (11n3)
P, =  anusuivatevieduilvanau Rlavrania)
v, = enudiivaneviedairlrandu (waseeiuii)
z, = enugeszvinvienadidaiuinsuuuiussauinludaiuiniou
(lum3)

p = avuuwiwresedlva Rlansusegnuieiiuns)
g = ewssldnasvedlan (weseeiuniiniasdes)
P1 = 1 v L% U 1 96’ v
— 158011 Pressure head, Wnundsnuanuduseniigiiminyevedlva
Ps

duilasnananusuluvedlua
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V]_ a ! . v ¢ 1 ! S o LY N
— 138n31 Velocity head, ununasuIadsenthsiminuesweslva sullle
28

WANANEIVEelva
7, \38n71 Elevation head, wunSanudndaeminetviinvesvesiva suiles
WNTEAUvRIvRdlva
neviurenad ssduduinlasldndsnulor Wussuuiifmuiinainssuuns
myudeutlagldndsnuenuiou Tnensoonuuuarnudnnsugiuvenisuasundas
pamgiuaranuduresining vliiAanssuiunisdsanudounastiudae Pressurizing
water kg Pressurizing vapor uaziinsiralisuanuiauainauuugauaidlausssueid
(Self-pumping) unandnauseusiednme Sidussuuiifaundn defvesszuvauise
vhanldlnglidesaauna (Self-controlling) laifinslddugeluihuazlaifinsldlaihemuay
2189979 9 lunnd 3 uanwdnnisiauiiugunianeslulauning (Thermodynamic)
uaz namaniveslya (Fluid mechanic) 99 3 () WAAINTAUARTENINAIUAY il
Umevieriansinedissfuvedluariansinsogssduientu lifnuwasaudoudngssu

lAFIaNNISN 2

Par= B2 = Patm (2)
Wi Py =  ednusudinsyyiniuvesmvaivietsdne (Alaunaaia)
Py, =  anusudinseiiuledvanednewdn (laviania)
Pim =  AUAUUTITEINIA (Alavrdnna)

luami 3 (@) wansnsiiaueudngssuuiinivue A vesvaidielasuninusou
naneidulefimnudumindu Py, uadluasenlududuveanailuviadigiidndie dszau
VDANAIANAATLAIUAUTRIVDUNAWIINY Py, dIUT1VIVBAMAITTEAUAIT WY h
a Yo Y} 1 [y} a [y} a o A (Y] )
a1un3aeduneladnmuny Py, ua Py, aglussAuidgniuasinnuduimiiu uas Py, 1Uu

v aa S o Aa o a Yo = o &
F’]'J']Nmu‘ﬂLﬂ@l"ﬂqﬂu’]WUﬂsU@\TSU@\ﬂﬁaVlﬂJﬂ’ﬂﬁJijqL°|/|"IﬂLU h a’]ll']iﬂlfﬂﬂu'l@@qallﬂqim 3 ANU

Py, = Ppy= pgh (3)
BIp) Py = anusuledusminnivug A (Rlavraana)
Py =  anuduiinananugesedlva Rlaania)
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PAl PAZ “/ \\

.iPBZ
P

Pa1= Paz= Patm Pas= Pgo= pgh
(n) (v)

(m) ) ©))

AN 3 ¥ NNIINWUTIUTDN w3aetusutlnaldnasauleu

(aFaiu Nedus, (2543)

p =  avuwwuwrewedlva [Rlansusegnuieiuns)
= Ausdldudlvedlan (uesdeduniifideass)

h = enwaweswedlva (uns)

neuduTusluannis (3) UsIMTIUAT h E1UNTARIUINIIAT Pg, TLETUSEUUATS
Fudureavaild sevuinisienludnueausddodndunisdsninudounasdudae
Pressurizing vapor (Mstufuvesviaisiele) lunmil 3 (r) fnsvhausdetunind 3 ()
finsusuugliviedsifeuiioglunruy A laueglureanaifenelunivueg A ussgaime
wazvosvad tnedvietududa-Uadendudninneue B udedvienisesnvesnisuy A
Ingdvioniaud1nyuy B egludiuvesoiniauazatgluussyeiniatazvesvailagilvie
yseenlivesvailvatugiuuudiniruy C fnisvauvesssuuded deldianufeurty
AUz A 9101A wazvaumariieg nneludguvgiuaranuduinty erniadiund sl

ansalnasenliinsgndegludnuasle ernAduiindeinisvenefiduiuresain

NIaFINNswaluladgnamnIsulayInINgIi IIMeau Ui iyaans Iy

a

U7 4 atud 1 e, 2565



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 40

oy nelunivuy A Wlvasenuvedninfoudignivuy B udrundismanudeulsii
yoavarlunivug B 91nmsiansanaunauladinivug B wuinnailwaiinivug B wiiy
wafilnasenainnisuy B vesvaitlnasendiunislvadugduvudinisuy C 18 n1s
yauiivudeuludnsariieindunsdimnuiounastindie Pressurizing water (M134y
Fureamafisveavad) iemaug A ldTuaudouunssislaeredaidouiiegnelud
seiuganinvesman ledruvisansalvasenanaivus A lignivuy B vilvidinnudy
ity leflognelunsuy B Susuveamarlilnaoonmaviodsin msvieudnunsdidu
nsdsauSaunaztide Pressure vapor aunszislaneviedsirfiedlunisusy B fsvugs
ni1veana letna1nn1rug A uar B lnasenywiednitdoundunszuslefinnaug C
ATuRUTINITUY A Woy B Sedlamuduvinfuaruduusseinia vimadandanndeuii
fiflgaungisninlnadnaiaus A uay B aunsetailseduihnrusisaesfissdumiiunon
MsMAABesEUVaEiinIsinuAsy 1 50U wieuiiazviauluseusiely annsneSuieldin
izuuﬁﬁﬂﬂilwaL‘iaumaaﬁmﬁaumﬂ@huwdG’f’ma"m (Downward heat transport system)
Tunindl 3 (9) wansszuumangudsuilaeldwdsnueufoulinisdsanudounasudae
Pressurizing water szuuiiiimsvhauadiesuszutlunmd 3 (A) Teinsiauuazusulss
dndsmgmsteuitnduitou ¢ fogduuuimiteusndiamuy A fnisvhaulugis
Gusumileutuszuulunimi 3 (a) fanuuandnsveslefiognnely nvug A aunsaiilua
Houndumaviotoundivaliiazmnmsedaududuiannaugaesinluuitou
drumsvinudeduannisszuislonnuduiliauy A war 8 faruduintuainudy
ussena ihiteglufniteulinnudugsniaunsolvadingnivus A uag B szuvannig
vhanluseussluld arnmsmeassmuiszuuideideinanmsgayidennudulediunis
Inadusuausuresidoulufomgnsdsaudounasiy dwmaliszuurihaulddh Tunm
il 3 () MeWwukazUuUssszuUlunmd 3 (9 Taonisadendafunduruudueniivied
Housgvinundinnufougumnigeiudaidou mnnsmeasmuinldssesnainisviany
sesoutanas uardinislvaiisuvesaufounind udwmaliszuudvssdninmAudy
dosnnlsifimsgapdemusulelunisdinnuiouasilussminedissuuinny
nnsEuduldidslotuvssgndldfunmsguivietud Tnsendendnnisves
AsuiasuLasmgamgll fiAnnurasanfeuiiteudiszuy uaznsszutsay

Sou vilviszuuguinidudmnedudulugisiigamalias wazautlugiiaumgien
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a <

3. NM15UNUNIA8ANNSBUINNWAITUKEIRINNE
3.1 msmuﬁaumiﬁwmLL‘UUﬁSiwma
Rao & Rao (1976) TdUnundsnusdaniindguunienisvausemu Felasunis
v le’ ¥ [ a s 5t Y a Y d'
W magau Tuunanuidldnannismesiulauniing wazesnwuuidulsasurglinenng 4
Juillifigunsainfinsiedeuieniunaiiundu (Check valve) liflunasingeuasy v3e
inwemamaiandoinislunisinuvesdy ilinsesniuuduvisassuuimvinzauian
dusuldluniseninlunisvausemuluisuun Teedudaylidaldanslunsiiussuuiu w
Tulenaildansyinauisiawns nisenwanuduldlsvesdudlmiuindussasauulaain
o ¢ = 'z a a a A a £ o v
s lumaesygaans wasidudselevdiurniululssmadudeysunnsiiuguinly
fanusutuauliiedountusedungeau nswsenigdnamaneslulauniindnisviinu
vostuldinumuduasinuiliiiaanuduresiiludla viliAnnsguinlaluszaun
g9%u Waian1smuuduyihliingayeinie Javiliguindianiudslaiazifianisasuwiumh
19 2 35 Aansldennia waztmasdudy wevinlveuiiuvedleusnaintiinlaainnisty

Avdanalminnisaukuulamiiouiuy

Recycle

Liquid

\ Water

Solar collector 7077 A

B Well

TTiE
Water
AAAAA w/ table

Weter tank ’

L t-]

AN 4 3swquﬁﬂwé’dmu%’d§mﬁmETLLUU‘wa'aL?juﬁwmmﬂ

Non-return
valve

(Rao & Rao, 1976)
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. —

Q r-----a-ﬂ-——- —‘*"'—4&riﬁf—~— o —

N o— — o

1 D | —

Collector ! ! —
3

Waoter tank
Alr tank - T
Wel tank = -
Overhead tank
Vapour tank

Separation tank

mrohod>

a 5 5 v a ) v ) a a l ¢ & [
AN 5 Lﬂi@ﬂQUU’]WﬁNWULLﬁQQWWWéi@&li‘(]ﬁ'ﬁl@‘l/la@LﬁE]’iL‘U‘L!ﬁ'ﬁV]’N'WU

(Wong & Sumathy, 2001)

Wong & Sumathy (2001) laAin®1n15UNUNA18Na s ULEeRE RaNN15YI19TUY

99952 UULYINULABENTYINU (@156091aB4585) SUAINNSBUINGISUSIAD NN UUBHNULTEU

<

o 8 v < Yy 1o & ~ o ° o & 4 o
Mivszwenanstduls whddunule N wiaanusulevssansvinauludunuleunTunazey

Y

11 Tudafvin A Wlualudadafiueinie B e lvludafuainiauinduvinlveinusu
< i',’ ¥

10991MATAETY anafvzauluvsTugduiuiiduun D ndsantufazyiinisvas

Y

Huansvhauiiorsiauluseudely anmsmeasmuin seduaNgs (@ndumis C fs
D) indesanansnasintululd 10 wes wanadanmdi 5
3.2 Mavsudsuammhauiidileih
Picken et al. (1997) léimInaassinifvazaundsnuaiuioussdodsing vl

gy 200 sarwalfed Auneliedlunsassauduleui 15 vis (A

1
1 o

(v [ 6 &S 1 %’ v v YV 4:1' d! d‘ [ Y] %,’
AuUdUYIal) $#30N15d9UN L UFI0IAIUUUAUTELI 150 AT T9A39a9U92 0 URITUUN

o w

lagnsa lngldunlunistuisimduyulidunsiemeivsuasidendadidedninveslsuns

lounfiAnau gdlunaujifudrvsiiatesnitanudusss ewngydeanuioussning

nsrUIUNTITUIEANNTausEuLillagniandulaeiinnsussvessuieauioulurieseuny
5 = & ¢ 1 ] ¥ 09y 18 Y oa X « [ Y
ween Falugunsalegedre anuseunldliununiuistulagiasesiialnitloudanin

~ & Y] I3 P - ] A )
1 6 Mugrunanlugauszasdvasssuunwansliiiuiawuulsresssuund 2 nannisluy
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9AUsTAIRUDITTUUTRAR IR AUEILUURIVDISTUUNET 2 MaNNNSILEIUYITEUULATBIA

a

WASAIATAUNSINUANMUSOU TasAvazauazdulsyansnsasunlassesas 24 59A167

avaunasuALSeu 350 Yeuddensnauns lagninuld wsednvasiiduyedagnldly

2

el URnsveaesgunsalldanwaziuszdie ins1evinunanian ldvunzay 39609
ponkuuUTndlud s Famradoni dulule s deeni1sldias esdsdiainsdiuuy Gaide

= S = T oA A Y Y A % o a
\sesdsnIafey ihwdeulumeletinssuengumeinudie (nszuengu A Tunnd 6)

USunsvesletaganauiloseauiignadsinuundqaaisan 91 “U” in3esdeinfdanlydned

9

o

s biunsnnmsgldleun wazesesdaiilinnuniging Papin

I = Pressure Malntaining Vaive Refill
‘_: Non Retum Vaive Reservoir
Sunlight S
. -
e ¢
Solar Collector %
(en) ]
Z wei [~ Pump
/; T A

AN 6 WHUNINTEUUVDILATDIAIUN

(Picken et al., 1997)

Liengjindathaworn et al. (2002) iéjmﬁlauqﬁﬂmﬁlﬁﬂmu%’au NnnAuldEnmesidu
N uaseinglagldiisusedwuurieanyyinie FaNNT 7 HANISNARBINUTY SRIINTT
fun§enunnudeuvesdissvelind destuiuusnasidoning wasdesldsvovnauiu
Fu FaunndsainnisldEnnes nsizensInssnendinuednnestund vnliensinis
SUNSIUTEI ISR

Das & Gopal (2004) é@nwmstuthiendinusdenfindlaelimelslnsiauy
ansvien lulsemeduie Tl a.a. 2003 Tngndnnisinuuesssuuddisusdonding
Huf 1 ans190ues Suaudeuanidofindudiaomliivansyinaud dussuuild
lalasiuduansviau lelasiaufazuenefmdugnaunneias 5 THadoufiassuanaingsg

uRunIINdRAUIIeEY ¢ Judduiunaneay 1 ndeingnauiniouniadlianuds 1

AUANINeLaY 2 IsUdesuvasiduluaniiuiisusidssuisanudeuliiuielelasiau fing
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lalasiaunagnadifsgnaunineas 5 Jusnuuugaiigairiudmneiay 7 luauliluds

AUTNEIEY 4 LeN9yinausely §92995015Y9UTBSTEUULEASAININT 8 21nANTITY

v

nuU7szULd L ndsnusidofindldlalasinuduansvinauatuisaduiinlaaean 3000 ans

Y 9

Y

odu MszAuaNgs 15 wes Ussavinmvesszuuluhndsnusdorfingdidosay 1.5

M

pressure
gauge  valve
vl
pressure
gauge

ﬁ @ discharge
pipe

evaporator condenser

tank tank valve
v2

valve
v4

suction
pipe

‘evacuated solar
collector

valve]
e

AN 7 m%aqquﬁqwé’qmumm%’aummLaaa’lﬁmé

(Liengjindathaworn et al., 2002)

a o 7 S (Y v a a 5 Vev 3 o
AN 8 mim51/1Nmsuaq{]mmwaamuiaamwmwhmwlaimmmﬂumimmu

fisn: Das and Gopal (2004)

Sutthivirode et al. (2009) 1o AN®1INISIA UANTIOULVDISEUUINUSoulne 1Y

Ao indvyudsusismatleln dnuaielasiasiwasnsvinauvesseuy Awansly
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)=

AT 9 Wawnesused Solar collector lasumnuauanssdonfinduiuazainianegnigly

IS a LY a £ v v 3 v v [ v = %
SHUYUNNULATAIUAULNNYU LL@Z‘U‘U@‘U‘H’m’W81‘14LLNQiUiﬂmm‘Via@@ﬂ‘lULﬂUi‘NO\‘iLﬂUU’]iB‘U

Y
1% '

UTEAUUMULNITINIYBN1980NYD MK A NAUA ST UMK YA UAUALUTTEINA
wazthiogludeiniduuuilnaiiundiundy Wesndvinavesussliumisesdian ¢
Anmsauuiureslethdeu LLazmmﬂqUﬁ’aLﬁmquzgwmﬁ@mﬁwﬁm%aaeﬂué’«,ﬁuﬁﬁmuu
Tl luusssusduasmudsudluigdnsioly Sauiinaanudeuaraunelud
Authdoudidwinty 32693 Alaga sumningludafvinfeudidniiiu 59 ssmiwadea

Useansnmdemnusausayay 17.4 wavaiunsonantisauls 58.1 Anssiadu

Asrvent

/—l*t S_cparatlon Tark |

@ Alrvent
VAN -—
El ° Storags Tank _@
—®
3

AN 9 193sNsuessyuuynih faulagldndinusideindnyuiou
megmadbarnlagimusausnldnulnens
(Sutthivirode et al., 2009)

4

Sitranon et al., (2014) ldUsulgaszAnsnmedossdainfoundsnunasoring
Frotidledn uaruuudmomsadinaans danmil 10 Tnsannisgadermnufeureslo
fiszunegusssna lnsnisevieanumadioiledunssuisluduiuiidou wsdng
vsssmameludafvinfeu msvsusedunnugdlunisdaivilimsuiagungitroud
wanld Aszduanugelunisdsiianas gumagiivesinfeufiaranasmiuddu uazazviily
Uity udlumensstuduiseduaiugdlunisdsunniu gungiivesidouss
Qa%uuazﬂ%mmfwamm U%mwfﬁauﬁmaﬂﬁqqqm 89.9 AnsseTu flsziunugs 0.5 s

a 3 v A a v = d' o a a 5
LLazqmmem%ﬂmiauwmaﬂ@ 64.6 DIANLYALYUH V]i%@Uﬂ'J']llfﬂfl 1 1S ‘Ui%ﬁ‘mﬁﬂqwﬂ‘jﬂi
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Saway 0.0012 UsaNSA1nn19AINusSausSosay 41.2 W aigunussuunaunuIi a9
Sutthivirode Us£@N5 AMNN19ANUS UL UT US 088y 17.4 TUAIUVDILUUDI 109N

AtlnFansAAuAInAdauliiiusesas 10

AW 10 LATRINARNUISDUNS I ULAIIRgmeRadlat

(Sitranon et al., 2014)

NNUITeNITunangauanuieuandensing lunstutuasndnuiiou
wuhUssanvesTuTideniinduuuTiuuas aansondngaungilaeas udliaunsovyuieu
g v a

130U AR 2887199A 990 1A UNU T M WAIUIINAGUDN HATUTIFLUULNUSIUNAR

gaundile Laifiu 100 esrwadea delumnglunmsndnleun uianunsonyuleuasvinnu

9 Y
(%

I@vawuusssued wazwuudedy dezmnzaunisaudenislunisedninfeudundn
wazwUUYagaya1n1A (Liengindathaworn et al., 2002) fianunsanangaumaiilaasauuisy
[ v e a = [ ' Y v ] =
anuziduleld Jamnauiazifenuiluuvadmainuanusou Tudmveinisannisaydey
lounludamiziissuulngusseanie Sitranon et al. (2014) laWmu1INEI@UNNAANTT

gaudelann lnglilethidagussenniaiiundranumsludidanuinFouuny

4. n1sUNUlAEASIINNIa9laUN
4.1 msguihiuuduau
Seldon et al. (1976) laanwiszuuvuunlensedn Tunsiasuwlainaaauaing

Fowiadudauun laeAIuANNIslnareIva 1aIRIuRITUNTU a1denalnnisduvedle
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A a X v < ° [ ¥ = o Yo o S X Ao
Ya9va7 MARTUIINANNSaUduN1sVINYessuutul Jaunlsnuduinlununiueis
gunsainlduanslunind 11 Usznausmie waeaunivuialdusiaudnats 4 dadums g17
12.5 wuwns Yaneauuuds Wwulusmeiiwazyinanusausmedanes aunatedulaiin

ANMUAUTY HIuRRaUkazatenAvIs1uuy wazldanusalualudienaduinsiuansle

=Y

19991nAAMETUNEU it InananIunNAYN AN AuAAAY U1DNATUYIIEIRUNEUA

[
a a = (% o

Inadunvuiuledndonmaiigs FufnnsaIuwiy wazinALAUgYINIARANIINEN

9 Y Y

[
o v U 1

Wuteua1suun e afuii s uuuanaMusuyingy dnluvassnivatsUasuuuiisy
Yegikarasiaususiell nNnmeae ssyauauadtunsdsiuendeiueeniy uwag
- X v o v A a X a a a a a0 v v

LT UAUNTTIANFIUANUSDUN ALY USEANTAMB9USumsTiawingu Seeay 43 way

Jegaz1l NszAuANugelun1sdnil 2.5 wag 36 WwURling AUEIAU N15InUSHIRTYDLMEN

v
o w w v

TukuaRaseau 6 Jadwassoundl n1stusiudnigansanauuuinlivianuieumednmnas

LaEAULULANUIIINS U UA LN LB uUY daunsinfauiveral imii

I3 1% Y = o A S
Juanguina wavaiendsiugnguinseseudle

: Heater

1]
- ]
= Interface

Fan Check valwve

[ )

AN 11 Taseas1evesszuutudnves Sheldon

(Seldon et al., 1976)

Beni & Frisen (1985) lau1nann15vin91uves Self-pumping inlguselovilunis
vy deuansinn ddddiinnuiunfensegaisludaiuindou dunmi 12 dndnnisinnu
Ingldnnuauvesansyianudu indalduviivaddvainnsmuisunislussuu Y

¥ g v ¥ < a 4 12
AMNsounldszmevoanadlinatailulontslupIosszive (Evaporator) azlaainusauain
games n1sinAuATosTEvgagauuY tnglendnlavyuligunnaumiiiaToInauaUETs
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¥191UY0955UUAEYNAIUANIABNNTNNIUTBIgNABE AN 97 AuTI9veILAT BITEIY
nansidenuitgamaiiludafuaiudeugeds 85 esmwaldoa Feazisounisinaudii
dHesnlovesasiauitlduanidsunrudoussgnamuniuddafvindourinligade
ansulunsiuiuresvarvesanshauildlunsmyudeuam s

El-Mallah & Mohamad (1989) ldnageuifuadesiiuinrmioudanind 13 7

WawniesuUanis Ingeenwuulimngauduwasdmuuity Jagdulinsmaaesuiive

1%
¥ o ¥

fuseanmsgrumsihnuesiuletnauduiiiinnnndedin dewdesianuiou
Il anunsoadeldaielneldndsnunnudousedendng Tagusvasd il el
UsgAvBamauinvesszuuliloUsyansamgean pdnnsinuduwsnifninidussuuts
ileufeuielifvlmi-ludssunanedule amnuduludusuiludaguilim
‘ugﬂu{famuLujuiwaﬂé’whwiaaummﬁuwﬁﬁ’uv‘iﬂﬁlﬁmmimuLLu'uLﬁmﬁuqﬁyﬁywmﬂ@mﬁw

ANETUANVULLNUNLALIUTANUAUYINAUTIRUUN wazisuvinaulusausiall

———— Resarvoir

Evaporator

Float valve

Condenser

(ah (b}

AW 12 ununnuszneunsvineu (a) nagnasetn (b) 1dgnaseidn

(Beni &Frisen, 1985)

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy

I 4 atuit 1 we. 2565



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 49

1-Steam generator 8-Pump cylinder
2-Electric beater 9-U-tube

3-Pressure gauge 10-Check valve
4-Solar steam valve 11-Condenser

5-Check valve 12-Check valve
6-From solar collectors 13-Outlet control valve
T-Compensator 14-Water source

ﬂ']‘W‘i‘;i 13 igUUﬂﬁiﬁqﬁ’]u‘U@Q%ﬂJlﬁﬁﬂ
(El-Mallah & Mohamad, 1989)

Al-Haddad et al. (1996) lénnaaunisyiturasduinlagléndnnsmanesly
lpunfindfiuszAugiu uannsasianmil 14 Uszneuserestnifufiussgansyham CFC 11
(Busnsmsgeaailddanmansenlaiau Telasnsueu wmsnistlestudrsmiidldgninum
Hasituaemih iledosfuarudssogunw viemnuidsmevesduussenielan) gnase

waradnldiduiiineinied gnAndsinuluvesiesininfilensedudalans Jadalanzay

gniuasludaiiuazdninsegramnean lngsiinanunduieudaiuinii insesguuiied

v '
v v o IS

Woainunagouiuaiudue voaaIeele WU vemaiuvenlyeulsiieudetazaIuAy
fedrIBannsating (V1 V2 wag V3) 1Asaautnnivsuing Vv gninanslinsmils Ae a3
CFC 11 9nUNARUAIEABEANBILAY TIATNTENENANNTOUNTNUN (AB) TUGuATaUN
Joutiunanleurseu TB uaveenuidamumaiin TBO Aduuszdnsnisaieinainusou UB
ADEANBILAY (VUIALFURUANENA1Y 1 §7) Fenaudesed nsUssendldans CFC 11 N3l
[ I v :zlldy ::4' (-7 a 12‘ 1 ¥ ¥ <@
anwaurluleazgnszuignuseunun AC warmdulsyansnisaewmauiou Tureaiy
WlignasefnAsedanasevianindiiau desnuihfivesgaininnszanienl’ resduns
A v o o ) ¢ A = v 8 ) Y

@Jﬂ’]iL‘UaEJULLUa\‘i‘U’eNiSWLJu’WI’N’]uI@EJEJ’]FiEJE;“LJﬂim A9 PS99UYN LazfszuleANsauly
= 1 U a dl o U o o dl a g gj vV aa
favionenine anmenmniiadfl TB uaz TC lngaduigdnsiiintuiuavdsenaumeisnig
AUTOU WAZIENITINIAULT UTENINNNTZUIUNTIRANS U LAz s nN15vinAuLEyY

FEMINNTEVIUNITIALSoU ANMUSToUVeIaNs CFC 11 azdulafiaSesdy wazniuluvag

! ad dy v a IS = U & 1
ANaRYITWINITNIIUAIUAULAT D UNN 30 D9ALTALYE WATUAINUAY 18.186 Usunna
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a519i Inediu wadnsafildnnReulumani Aegnaseldgnneasenniadsgniasednly

gadainnfnegiuiain vilidnsiedeunvedl Mnewawges () agvinlvians CFC 11 &
< < v av vy [ a 6 1 Y a
Julafuiiamailafe mnudu uazaumgiazanadnn 12.82 Younsen1319iy gumgd
20 samwaldea aua1siu sieantuuiivan (T1) W (T2) duandiiundu iasidnly
wnuilueg esguiineufiaglufl (T3) Tgdnshagyinauedisauysal Tgdnsvimunazgn

AuANlAgI1dd 3 A1 (V1 V2 uay V3) Faagiibiiniginslvdsaiiedluises q

Freon 11
Water

v(] One way valve

D4 Solenold valve

Pump chamber

Plastic balloon

Submerged tank(canister )
Water tonk

Tank tor gathering lifted water
Boller

Condenser

OO VW o

a ° IS Y o a ¢
AN 14 193501157 uveINsTuinlaelgrndnnnismamesiulauiiing

(Al-Haddad et al., 1996)

Liengjindathaworn et al. (2002) lé’ﬁﬂmmiquﬁﬂmﬂiﬁi’fwé’amumm%’amm5@
WS JEUIBANNSOUBNA Lﬁ‘%@qqufmizﬂauﬁw f938ny (Evaporator tank) flaAuLUY
(Condenser tank) wagfidandsnuainuiou (Heater) fanmil 15 Feanudngadildlu
ﬁﬂmmsquﬁwag 2.5 LUAT LLazmmqﬂumidqﬁwqﬂqm 4 AT HANITNARBINUTT BNl
N1591191UVBITFUUBYTENIN 80-120 BIALYALTYA wazituneunsvigil 1. daliaany
fou Welvindsnuliihdusiiudnaudeu (Heater) Wﬁamumm%’au%ﬁﬂﬁﬁfﬂﬁajSué’a
e (Evaporator) fgnmpinaranufugeduludosmunaiiléfumiuiou sunsgisanny
fuluifags 2. 9re1eh emududsssmegs Wanda Vi uag V2 Wiledhaindessmed
Tudusunhludesemuniuiaginasenmends V2 aunseiannusumeludavinfumnusiy
meuentagvgalne wiln V1 uag V2 3. 9aeszuisarmdou ndmndugntiniiet wi
Uaoglifamuuiuaomanuieugduindennussmma guvgiuazansdunigluds
anasililednluduinnismuuiy auduludmunduanainitausuusseinis

unseaAuiuieuIzlianadn 4. ¥aeguin ndIndussuteauseu Wand V3 i
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[
= 1 (3

Tufanua99egNauIuR 1187 V3 1ndidsaiuiuu aunseadmgalua 3903187 V3 5.

A a

FIufiul Wodugayiguiile 9Un1d7 V1 uag V4 vibiinaindamuiiulaasluiy

Y

= IS U 4

ludeszmeiiogindt aunsenailudlseaunudens 3Wa87 V1 uay V4 Wedugn

<@ o

Prafua Andulususuganisiinnuseulninguisuludnuvaeineiiulises q

l ________ condenser

tank
discharge
water

suction pipe

heater

evaporator
tank

o 2 H o o = s
AN 15 Lﬂi@ﬂq‘iJu’]Wﬁﬂﬁ']u@]’m@Ji@u‘iﬂﬂamlﬁ]@i

(Liengjindathaworn et al., 2002)

Markides & Smith (2011) l#msasanuudiassvesgunsaiilduaniadsuauiou
\Jundsauna (Heat engine) 1nsan dwsunsifiudszansamilmnzandian wavoss
w5199 vesgunsaldrudrfglunisesnuuuiideddanuseiinsgts dmiuanuivanga
vaagunsal Aip 1AITeUNAU gnguMds USunsuelAguuiin uazAuaunIuAINseuly
\3esuaniUasumiuieu maedeudivesansviiau svuuanufou Adamaansalunis
wasanufouseiuianldauliinusslowd TneSmnhluliveaneluladnisldanuiou
i1 mazmganAntudeammhaussnadudatuwasaudouiigunsaiuandsuaii
fou (Munglaw 10) Juinlevesansineu (aneiay 8) Lﬂﬁauﬁﬁwuﬁaﬁag (mneway 3) Wdu
Furesvarvesansviudndiunis anseduiivaneiay 6 senmaieguiin (unelav 9)
Tnefignguids (nelay 1) uansnsindeufivesveamalvesasyinauaunszsialevesans
vhandudatuuasnnuduiigunsalianidsueiudou (nelay 11) azifanisauuy
AUTBLVAITBIANTTUNIYIDZ UL (ManeLaY 9) SrduTesvaITasanTuiARA

WHNANTITEAUNLIBLAT 6 NUTLAURLNEETY 7 ﬁﬂﬁﬂaammsuaqmaﬁmuﬁag’qqmﬂmmf"fq
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SEAUNHINIT NBSNEITEAUVBMAIVIE15VINIU IngrIuNaaundy (MuneLay 9) N9
719UaUNAU (MUN8LaT 4) IR EAUTBINAIVDIANTYINIUAIUYI AURANULAEIAINNSOUT

gunsallaniasuauseu (Muneay 10) IBAANSTUIUNTYIINLTUBNTU FInINA 16 113

a A = td

gonuuuniuseansnimaziiauiunuindideundudt maveuseiviedigiszeranas
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wazwndurgudnativg lneduniAugnawedgnguiIauUIALENAILARAIINY

Y

a X )~ v al' & a YA v ¢ v & Y
LNHUU NGU‘U']WGLWQJJI@?JLaa?Ji'lllﬂﬂﬂill']milaur]waﬂ@']U‘UUSUENE]'Uﬂim@nﬁ 5'33JVNﬂ7TLJ§‘U‘U§Q

Y 9

nsanelaumnuseulugunsaluandsuainuiou n1susuugsdanantiidnanimlunisiiiy

v ¢ Y

UszansnmSewag 50 Nduiusiungeriaes uasUseansnmleanusauiuduseuas 3.8

EAN
1
\

el

] ° ¢ o I Y ‘A a
AINN 16 ig‘U‘Uﬂ’]im"lﬂ’]uma\?q"dﬂﬁﬂ“fdaSUﬂqqﬂJﬁaULUuwaﬂﬂquﬂaLLU‘UVL?,JNLLSQL?{EJWV]’]U

(Markides & Smith, 2011)

Wn389bnS tazAuy (2556) 1Avina1uide WeafnwIn1sI W esNiNanan1SYINIIUTad
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1597811 1 a5 wasldgamasiniiauin 3000 30¢ iWuwrasndaulunisadalai 210

a0
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Lm”lummé’uﬁuﬂ‘%mmﬁwﬁqﬂlﬁﬁ%amaqmmé’mdamaw‘%mmmmﬁﬁLau

Airvent,

Feed Water Tank

Storage Tank \

Well Tank

A 17 Juguihmemasletuuudnluds

(Sitranon et al., 2014)
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Air Vent —E=3—— Supply
' \
‘ | o= o -] A
N Overhead Tank
Storage Tank \ ST

hl - Y [ . !

- i 1;;2;::

3
4 n2

A &5

Well-Tank

A 18 suviimsingumgiiuagadiulszneuvesszuudihndenuanuiou

(MeyFnA LagAug, 2558)
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Abstract

This research has three objectives as follows, first, to study the characteristics
of the ceramic souvenir product designs in Ban Taohai, Phitsanulok; second, to design
new souvenir products that reflect the Ban Taohai identity; and third, to evaluate the
newly developed ceramic souvenir products. This research started with the analysis
and synthesis of data from related previous research regarding Ban Taohai pottery
products. The study then developed a concept for a process of designing the ceramic
souvenir products. The evaluation of the ceramic product design was conducted
together with 11 experts. The results of their evaluation were as follows. First, Ban
Taohai pottery products included stoneware mixed with gravel and sand, and the clay
used can be gray, brown, and red colors. They were decorated with geometric shapes
pattern using pressing, scratching, rolling, and molding and pasting techniques. The use
of these techniques, together with dark brown to black glazing, made the Ban Taohai
pottery products more unique and outstanding. Second, the ceramic souvenir design
that was developed by adopting the concept of Ban Taohai unique patterns resulted
in 6 patterns of low relief decoration (“8,” shape. Third, the evaluation of the new
ceramic souvenir product design, which has 6 patterns, was rated as “highly
appropriate level” with an average score at 3.65-4.00. The top 3 most satisfactory
patterns were pattern D (X =4.00), pattern A (X =3.91), and pattern C (X =3.84).
Keywords: Product design, Ban Taohai pottery, Souvenir, Identity
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Abstract

This research was focused on analyzing production and logistics cost of growing
hydroponic and organic salad vegetables in Nakhon Sawan Province. Activity-based
costing was used to analyze the cost in each activity of growing salad vegetables. This
was conducted to reduce the production cost of the two methods of salad vegetable
growing to be competitive with other markets. Purposive sampling was used. The data
were collected by having an in-depth interview with ten entrepreneurs growing salad
vegetables and their employees. The results were found that the total production and
logistics cost of growing hydroponic salad vegetables was higher than that of growing
organic ones. In summer, the mean of the total cost of growing hydroponic and organic
salad vegetables was 128 bahts per kilogram and 75-178 bahts per kilogram,
respectively. The hydroponic entrepreneur 2 lost all of his vegetables due to the
extremely hot air and water, so he cancelled his production during the summer. The
cost of growing hydroponically and organically, 68-69 bahts per kilogram and 35-33
bahts per kilogram, respectively, was at the lowest level in the cold season. The
production cost ratio was higher than the logistics cost ratio. This was because of the
high cost on labor hiring, 70% of the total production cost. The highest cost of the
logistics activity was the transportation cost, 60% of the total logistics cost. Therefore,
the approach to reduce production and logistics cost can be done by increasing
products per growing areas and appropriate production and logistics management for
business ecosystem as well as farming season.

Keywords: Hydroponic growing methods of salad vegetables, Organic growing
methods of salad vegetables, Logistics costs, Activity-based costing,

Logistics activities
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Abstract

Most of the manufacturing processes in Thailand are characterized as separate
processes. Supplies are transported from the starting location to the next location.
This paper presents the design and development of a low-cost Automated Guided
Vehicle (AGV) for supply transporting during each production process. The size of load
does not exceed 10 kilograms and the AGV is designed from the concept of a power
unit of a stepping motor. It uses an Arduino with sensors to control its operation along
the running track in the factory. Moreover, it can be controlled via an application with
NodeMCU board. The results reveal that the chosen stepping motor has enough power
to handle the load of the vehicle and to move by sending a command from the
application to the vehicle to run from the departure location to tow a pickup car at a
speed of 1.344 km/hr. The AGV can transport supplies to the designated location when
someone commands via the application. In-between destination, if someone or
something is in the way and blocks the route, the vehicle will be stopped, and when
there is nobody and nothing obstructing its route, the vehicle can continue running.

Keywords: Automated guided vehicle, Arduino, Sensor, Stepping motor, Application
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Abstract

This research aims to develop biomass dryers with flame thermal conductivity
techniques and smoke does not come into direct contact with food through heat
exchangers. There is an increasing trend in cancer cases in Thailand, particularly
stomach and colon cancer. Most of these cases are caused by the consumption of
toasted, grilled, smoked, and fried foods. Frying specifically use oil repeatedly, that
produce carcinogenic substances such as Heterocyclic Amines and Polycyclic Aromatic
Hydrocarbon. The rainy season is also a problem in food preparation. Lack of sunshine
and the wet weather result to poor quality food products. The dryer will allow use of
heathier cooking and food preparation methods. The drying chamber has a capacity of
10 ke. It is has a heat exchanger between the combustion and drying zones, which
allow for conduction, convection, and radiation heating techniques. Tree branches are
used as fuel. Pork meat is used to test the biomass dryer performance. Drying is done
at temperatures of 55, 60 and 65 C and the air velocity inside the drying chamber
varies at 1.0, 3.0 and 6.0 m/s. The studies showed that increasing drying temperature
or air velocity result in an increase in the specific energy consumption (ranging of 0.12
- 0.29 kg of tree branches/hr), resulting to higher drying rate of between 0.05 - 0.08
MJ/kg. The dryer developed in this research can easily be moved allowing production
of sun-dried pork anywhere at any time. However, it is still necessary to operate the
dryer indoors for rainy season

Keywords: Drying, Biomass fuel, Dryer performance
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1 Fan 0.125 kW, 50 Hz, Speed adjustment -
2 Electricity meter Power, Amp, Volt, PF, Hz, Supply 220V, 50Hz +1%
3 Thermocouple Type K -200 - 1300 C +0.01 C
4 Relative Humidity (%RH) Relative humidity: 0% - 100% +4 9%RH
5 Anemometer Range 0 — 20 m/s +0.01m/s
6 Load cell Output (MV/V) 2.0, 5-12V, 10kg (Max load) +0.02%
7 Weighing machine 0 - 20 kg, AC 220V +3%
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Abstract

The objectives of this paper aim 1) to study the effects of Feldspar glazing on
glaze color and brightness, 2) to study the physical qualifications of Feldspar ¢glazing
with Tin Oxide, Zinc Oxide, and Barium Carbonate as additives. The sampling plan is
used in the experiment by sampling diagram from Triaxial diagram which the suitable
number of experiments is 10 mixtures and each mixture includes 1%, 3%, and 5% of
Copper Oxide. The characteristic of physical qualifications has been studied after
burning at 1,230 Degrees Celsius under an oxidation atmosphere. The results of this
research showed that (1) The color from Feldspar glaze consists of two-color tones
which are turquoise and green tones. Turquoise colors shown in mixture 1-3 that has
1% of Copper Oxide, while green colors shown in mixture 1-3 that has 3-5% of Copper
Oxide, and mixture 4-10 that has 1-5% of Copper Oxide. (2) The color glazing from
Feldspar according to the color chart is at a* shade which has the average at -9.65 to
-11.10, at b* shade which has the average at +12.77 to +16.64, and at L* shade which
has the average at +50.80 to +24.30. (3) The physical qualifications from Feldspar glaze
showed complete and glossy characteristic in every mixture. (4) The developed
Feldspar glaze consists of constituents such as 45% of Potash Feldspar, 10% of
Dolomite, 13% of Calcium Carbonate, 7% of Kaolin, 25% of Quartz, 2-8% of Tin Oxide,
1-7% of Zinc Oxide, 1-7% of Barium Carbonate, and 1-5% of Copper Oxide can be used
in Feldspar glaze that contains Tin Oxide, Zinc Oxide, and Barium Carbonate as the
additives.

Keywords: Feldspar Glazing, Additives, Ceramics
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