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Abstract

This research investigates the factors affecting punch and die wear in the fine
blanking process for JIS SPHD P/O sheet metal with a thickness of 7 mm using both
simulations and experimental testing. The factors considered include cutting clearance
(1-5%t), Punch Speed (25-45 m/min), V-ring pressure (40-80 kN), punch and die hardness
(60-68 HRC), and punch-die edge angle (20-45°). Wear analysis is based on Archard's wear
theory, which evaluates volumetric wear rate under compressive forces and friction
conditions. The results indicate that the optimal cutting clearance significantly reduces
wear, whereas excessive clearance increases deformation and wear rate. Higher shearing
speeds intensify wear due to increased temperature during the cutting process. Proper
V-ring pressure enhances shear force distribution, reducing wear. Increased punch and
die hardness decrease wear, but excessive hardness may lead to tool fracture.
Additionally, an appropriate edge angle reduces friction and effectively minimizes punch
and die wear. The simulation and experimental results show consistent trends, providing
a foundation for optimizing the fine blanking process to reduce tool wear, extend die

lifespan, and improve manufacturing efficiency in the sheet metal forming industry.

Keywords: Archard’s wear theory, Fine blanking, Process simulation, Punch-die wear
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YOUANAAVDINUTUATANYADNITANNTOUD
NUTLAANEAIUNG ¥ VBI019150 (Archard
Wear Model) lngldnisanaesmnsnouiiimnes
LasN15NAADIa3 I8 srdunsau unoy
il [4-5, 8]

N1522NLUUNINAABY (Experimental
Design)
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i 1 nrsnaassldnisesnwuunuy Full
Factorial Design 4t olsf@1u1sadias s
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Element Simulation)

n1sdnaeenseuIunIsindiuasign
Adunisiagldyaned s Finite Element
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Modeling) vesius me uazduny msimun
auvfveadan wWu Wuduazaevinainian
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(Boundary Conditions) ansA1#1573Laasd
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N13MAAB9934 (Actual Experiment)
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1. #an1591a0902835 Iludladiuud
(Finite Element Simulation Results)
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W= [ 60114x 10522 ()
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P = usesniRau (N)
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A151991 1 NslSeuisudnsInN1sannsevesnutLaraeNlaaInn153Naes
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8 v & . a o
AT LS 30-35 m/min angaunilaraNuAzLIINTEIN
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HnanIzyUson1TanToUIRUTLAZANEDE1
HledAgyeada (pvalue < 0.05) A1 F-value
Vst asrudfgyreusiaztads Tne doeing
i3 esiledninanszvugean ArduUseans
A19UA (R?) ~ 0.85 WaAMI31 85% UBIAIY
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A15199 2 HAdWS ANOVA E19SUnNIsIASIZNSANNTaUBINUTHALAe

udsTianvas NATINVDIMAIEDY  BeFnBasE Aiidsdenady | ,

ANNUTUTIU (SS) (df) (MS) mF me
gariuaiesiiofn (Die Clearance) 12.35 2 6.175 24.70 <0.001
ANIERUT (Punch Speed) 9.21 2 4.605 18.40 0.002
KIINAIZ (V-Ring Force) 7.84 2 3.920 15.68 0.003
ArnuLdwosiuduazane
(Punch & Die Hardness) 6.57 2 3.285 13.14 0.005
3uYBUANFRA (Edge Chamfer) 5.92 2 2.960 11.84 0.007
AALRANaIa (Error) 476 18 0.264 - -

2N (Total) 46.65 26 - - -

NAaWSN1SNAARY (Experimental Results)
MsNPaeIYNg ueAnwHansENUTes
doainanIesilonn, AuiinsinEeu, wse
NA339, A1AURTIVBIRUT-A8 LazyuvOU
ANAAVBINUY-ANEY AOAISANNTOVDINUTUAL
e Taold Yan AISI M2 d1usuinsesiledn

ua JIS SPHD P/O (7.0 st dwsuTandusu
Tunszurunsinduuasised

Wnsveass nsneassaiunisiagly
w5 aslansoBANTARUUALSIIE YR 400
Fu e ndi 2
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AN 2 1A5e4lanseRALNSALUUANNTIIY
U9 400 Ay

ATl iuduazanedaanuuds
60-68 HRC Mngaun1sKARTUNLT A5
Waud 25-45 m/min SamsAnnsevesiuduar
P89N 9 500 58U A8LA3eeIalUslug 3D
Optical Profiler

2. NanszNuueIdaTuse q AanI1Tan
NI0UDINUTUAZANY 1TU

Foviradesiiedndl 1-20%t wuinnnsin
mmﬁm%uﬁ’aﬁ@m iesnusadougauaziin
nsidendognagunss 7 3-4%t wuiinisdn
vseanal iomnusadeuanasuariinislva
yoaTaninzan A 5%t nuiouTueud

Aouuniu uwaziinnsanuseriutufiveu
Wutlazag

sdAMEIUETA 25-30 m/min wudn
miﬁﬂmamaqﬁwﬁuasmaagﬂuizﬁwﬁqﬂ i
3540 m/min §R31A158 NUT8LS LT 1Y
Lﬁmﬁmqmmﬁqnsﬁu 71 45 m/min wuinng
Anvseuiinduedrafitud @y iewnnisiin
gruvnlazangs

n3ELIINATS 99 40-50 kN WUl 19U
FunuSeu wazMsdnnsevesiuduazanget
TuseAusi 71 60-70 kN wuindusudenniu
iy widaseglusziufiaaunld 9 80 kN
wuirfinisdegurestevtunuAuly uay
nsAnnsevestuduaY eI

nsdlAAnuudesiutuazaei 60-62
HRC nu3nnsdnnsegs Wlesnanuudald
\igane 71 64-66 HRC wuinduandimnga
fign 1losanannisdnnselalaglaivinliian
Wiziuly 7 68 HRC nuindnsnnisdnuse
anauantios weilonaian1suans1Ives
ftudgetu daunsdiyuvouaudnuosiug-ae
7l 20-25 parn wuilusadeugs dawaliiin
msﬁﬂmmﬂ'u%uﬁgu 30-45 93A1 WUIINT
dnuseanasegiifudidny iy 45 oem
wudﬂﬁmanswum’aﬂmmwmawau%umu ik
ThAnnndsgdunndunasdeiisuidion
FENINHANITNAADILALNITIIA0Y 11T
asulddemaait 3 ol

A15199 3 LUSHUTIEURNAaNESENININANISNNABILALNITINAD

]
1A

Uady ANTINZENINNIMARBY ATIINNZENRINNTTINABS
Fosiumdesiiesn 3-4%t 3-4%t
AMSISnau 30-35 m/min 30-35 m/min
WIINAITY 60-70 kN 60-70 KN
AL dsveiud-any 64-66 HRC 64-66 HRC

HUVDUANAN TS

20-25 Degree

20-25 Degree
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NANISNAADILALNIIINADIFDAAA BN
Hueged Suduinamisfimesilmnzay
aunsaannisanusevesiuduazaals a1n
HANISVARBINUIY A5 ITLAOSTnL T aL
d1usunisann1sannsevesnudiazaiyly
aszuunslviduuast e dosinuaiesiiesn
3-4%t ALLEIUF30-35 m/min wsInATSe
60-70 kN ANANLLD 1IN US-A"Y 64-66 HRC
NUYDUANAANUTD: 20-25 B9A1 N1TLdRN LY
WAmesAmunzautis ann1sannseves
Wudwazarslauinnia 20% i ewisuiu
Annsfmeslaunzay [5, 15, 16}

AsSsuiguNaanssznd19n1531809
AUN1SNAADY

1. anuudugiveanssiassdefiouiu
AINARDI

NAN139188992890WA LIS Finite Element
Analysis (FEA) LagNaN1TNAAB993 91Ul
wnltiufidenadostu TneArnunaInndou
\ndvogf 5-8% Fefiodnoglunarifiveniuld
Tun1sNeInTlonIINSAN NIV INUT LAY
ANy Famseil 4

2. SIS HULTIUB RSINITE NNTDUD
Nug-Ane

nsUSeuLigusnsINISEN s INUD-

ae ansnsoagUladd

2.1 40931903 8l ofinn1ss1aeq
Wui1resinnns oe fledail 1-20%t vl
M3LdUgUaENITANNTOTULIINITNARADY
Ignadnduioatu Inedunuilveudome
waziutAnnsaiitu agUldimerhasdose
#o 3-49%t (Hueiiimung ﬂuﬁqmiumiammi
dnuse

2.2 muSaudnnssiass 7 40-45
m/min N13531889NUINANAINTOUG AL
é’mwmsﬁﬂmaLﬁuﬂﬁumiwmaaqwudwqmmﬁ
gaviliiianisdnnsauluu oxidative wear
wagiutiSuunnirndindund asuanuids
30-35 m/min Wutsinzauiige

2.3 L59NAT39 miﬁ?waaﬂﬁLmﬂmﬁ%n
40-50 kN wudmwﬁnmaa@luisﬁum"ﬁ g
WﬂaaﬁWU’iﬂLLNﬂ@]ﬁéﬂﬂ’j’l 70 kN vinlALAn
mil,ﬁagﬂmawau%umu aiqﬂmﬁmmsam
fignfe 60-70 kN

2.4 A1ANNLT $URINUT-A18 NS
F1809NUIAIAULT S 64-66 HRC Thmau
NUNUFABNTANYTOFIEA NITNARBINUT
minauLdegauiuly (68 HRO) 191fiANTS
wan3mneunsanuseaguAl 64-66 HRC Lu
Ay auiian
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A15199 4 NSUSEULIBUNAANS Y INaNISINARINUNITNAABY

Jady wualduannnsInaes WAlHHRINNNTINGRY  AAINAATALATRBU (%)
' ' o o o a = o ¢ va
Jprinamsesdiann (3 anusuFIAMIULATANS  annSENUTEURITLT-AeleA 6.2
P - . 0
4%t) anvse fign
AMULSIUT(30-35 aAnsidendLazAy - N
, . dns1n1sAnuseLinTUANER 5.7%
m/min) JOUALEU
- LSFYAMULANTY wsanagailiuddnusels
39NAI39 (60-70 kN) s z 7.1%
\Bniag Ju
AANLLTTUE-anY (64-66 andnsinsannselaglyl . -
. andnINITANVITOGIER 5.3%
HRC) AN
NUVUANAATUD-A1Y (20°- anusudeouuazannsdn ., 5 4
laAnsanuseffign 6.8%

45°) 130

q

2.5 YUVBUALARYDINUT-A1E N3
$1809 yuvoUANAARUDT 20-25 parn Trien
N158NUseAngA NINARBINUINN 45 Baen
nsfnnsegeduilesnusinsssihiiveuiudg
1IN agUAn 20-25 a9 Wugisfianya
1‘71'2391 Fanmdi 3 [6, 7, 8]

A1531ASIEHTOR ANAIALAZUUINIS
USuuge

nuuInelunisiesigidefianain
wazuuamaUiusslddeasuiibuansddy
fo AMAILABIALAA BY 5-8% B819LAATIN
auNAgILYeMgu] Archard Aldanng
dnuselu FEA e1aldaunsaaeiouninudu
a5al@tanun n1s¥anisdnnsovesiuduas
A1B9INNIINAABITAIUARIALAG BUIN
inesilein duluamInsuiuURnsiaes
TWwiugriu msldlunanisdnuseidudou
%u \1 Delamination Wear Model #38 Oxidative
Wear Model #30U3U U3an1518tma5 19
e ulugenanlsiilng LAeeiuAIasean
NINAADI

yuuaneuY 40 a3 yuUaeRuY 45 3

AN 3 LEAASANINNITANNTBUBUANA AN U
Vi3jaieing 9

asunanisiUTeuLliigunan1sInaeuae
nanisnaaeliuurldui donnd oty
TnglanzaAnunzauees Tesinunisdle
i, AU e, ANULTITUS-Ae La
UUVDUANAR HAINN1INAADIYIBTUTUI
N9 ¥4 U043 Archard Wear Model @1u150ld

9.
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ne1nsalonsIn1sdnnselauluglaedl
AuAaAAauUsTINA 5-8% a@unselina
mﬂmiaﬁaauﬁaﬂ%wqaﬂizmu AN38ONLUY
mMsituuasnlaiuseansan

dsduazaniusena

1. nansenureeshuaisiesnsnonis
dnursevoanug-ane

INHANITNAADILALNITTIADINUIN
Jarianiosdlonn (1-5%t) Sevsnasanisin
nivesiutlazmeetltedAy lnalaniy
g 198 aiflevesingegil 1-20t wuiinsdn
visevamiuT LAy esanusinseyinseg
a9fu dawaliifinnisdnvsouuuiaia
(adhesive wear) 1ntu luvariitesine 4-
50t uiid19zruanLTINTEYaY wAndULY
Tonalunisiindlaulasuu (roll-over) Usiaa
YUt u Yliveutunudome Yeinei
wanzaniigalunsdlie 3-4%t §sawan
dasnmsdnusevesituduazaneliiian

2. NansenuvesA NS uddensdnuse
YDINUL-A

rnuslunsdindoulinasiegungiues
WUG-A8 WALEATINITANKTD LASHANIS
VAADINUT 7 A1AEIE (25 m/min) Tuss
\RougwazlinNsENYI0NN15TRY (abrasive
wean) 1103 712131599 (40-45 m/min)
wufigamgiaetu dwmalhiannsdnndou
WUU oxidative wear uazn1seauiaiioain
AUTOU (thermal softening) VoI TanWud
muSnzaniianfio 30-35 m/min 3
Wiaunasevinusudeutargamgil

3. HANTENUVDILTINAITINONITANNTE
YDINUL-A

PINAITNARBINUTT U5INATTI 40-80 kN
fiuasednsn1sAnuseveaiutuazaefiugg

AR (40-50 KN) WUITUIULAABUTSEWINg
nszEUILNSEA Yildveuduaudaiu (bur)
qqﬁu il WSINAZY (70-80 kN) wudnusaiden
yuiiudusgnann vildiudiinnisdnuse
L%Usﬁu LLiQﬂmﬁmmzauﬁqmﬁa 60-70 kN %ﬁ
FrgliveuiunuSsuLazansnsinisinmse
VYDINUG

4. NaNTENUVBIAIANULTIBIRUT-ANY
AONITANYTO

AIMAABINUIAAINLLTT 60-68 HRC
AINAlALATIRBNISANNTEVBINUTLAZANEY AN
AL afienda 62 HRC virlWiAn plastic
deformation wagmsanuseidy Arauds
figaufiuly (68 HRO) vinlLAnN1SUAN$17
Lﬁ'aﬂmnmmmiwmaﬁa@ Amuudaf
wzanfigafe 64-66 HRC T9918an8AT
nsannselagldvinliiudiusgiiuly

5. HANTENUYDILUYDUALAAYBINUD-
AUFIONITANNTO

UUYBUALARYDINUT v elNalaen e
deusideunarsnsinisdnnse Mgy 30-45
2971 NUTMITATUFWN Il uddnnse
Ea3 ‘17fuq:u 45 99A1 wudwau%mmtﬁagﬂ
sndunaninaiugs yuilmanzauiigafe
20-25 84 %ﬂﬂhaammuﬁauuazLﬁumqms
T nuvesiuduazang

6. N15LUSBULNEUNANITINABILALAS
NAaBY

MsansisganiLIs FEA Iinadnwsd
danARINUNIINAaBIR3In18luY9 5-8%
TuLnavee Archard Wear Tgngnsalensinis
dnuselasgrausugn Inganiylunsaives
ANMS U LAYl RuAdaunnm g
FEMINNNTTIADIUALNITNAABIDIAAAIN
AMsazauvestusanlyd (Oxidation Layer)
LAZANINIZABVDILIATOU TFewaniLISo19
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lafladnaesesauysalte taue wuzlunis
Uiudganssuaunsliviuuasiiiunisvdedu
(Lubrication Optimization) 4l 8% 188754
FUANIULAT UMY TTENTINNTTUIU N5ARA
USuussandesianiesdlodnliangan 1 3-
4%t 1fipann1sdnvsevesutuazay Ady
augamqilunszuaunandn Tngldszuuh
waoudu (coolant system) Ll oannisannse
ngangfigeeenuuuiud-aeliianuuis
fmanzan (66-66 HRO) Liteann1sdnvisouas
gnogmsldau ldnsiassswiunisvnaes
254 1l oandunuLazUTUUTeUTEANS Aw
ASHER
asUnaniseAUsieendiunzauige
dmdunszurunisliiuuasride Yesiandos
fladin 3-4%t AsSadaden 30-35 m/min
WIINA333 60-70 kN AULTIRUT-Ae 64-66
HRC 4 1v0UANAARUT 20-25 89AT AN
nInAasdlarnsitaesiauAaInAg ou
1y 5-8% Fsegluinamifivensuls ansa
thifeyalulilugnanvinssuads iledeinen
nsldauvesiuduazae andunu waziiis
Uszdnsnmueanssuiunsiiiuuasn

unagy

medeijsinuniladeitnadensdnuse
vpanuduazaglunszuiunis lalduu tneld
Sanuduazas AISI M2 uazTanduau JIS
SPHD P/O Asviun 7 H88luUns N1un1svnnaes
LALN1I1889A8ULUUTIA8Y Archard Wear
Falg@nvimansznuresdadendn 5 Jady
ISuddornaaiasiofnlutng 1-5%t A
FUglUYI 25-45 m/min WSINAI39LUY9 40-
80 kN ArAuuwdsvasud-ane Tuyae 60-68
HRC yuveuAudavesiut-ae Tuis 20-45
aNGA

nan133denuinYesdnaed osilednd
W auegdl 3-0%t Jevvanusudeunas
nsAnusovesiud-meldifian amiFins
dnidouiinzay fe 30-35 m/min Lies91n
Hganusudouwazesiuanuiouavay use
naisfanzan Ao 60-70 kN erreaiuny
mau%yuqwuLLaxammiLﬁﬂgﬂﬁumi’aa AR
udsvesiut-aefivsnzan fio 64-66 HRC B4
reliuduazaienusonisdnuselaely
wWeeiuly qumaumﬁmﬁmmzm AD 20-
25 94A7 FerawanusInTEsoiuTLALLAY
218N UNSUTEU WBUEHINNTNAaeT
Lagn1ssraeanuinAMsAnusedilddaay
AaALARDTEY 5-8% Faagluinasifiueuiu
19 wazarursaurluldlunisesnuuuwas
Uuusanssuaunmsinduuasilugnainnssy
934 Wloifinegmslirvesiuduazanean
Fuyu warUsuUTInannest Uity
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Abstract

This study aimed to identify, prioritize, and recommend preventive measures
for the key factors contributing to delays in the Phra Khanong Fire Station and Rescue
Building construction project in Bangkok. Using the Delphi technique, a questionnaire
was developed and refined through expert input. Data were collected from 60
individuals involved in the project and analyzed using percentages, means, standard
deviations, and risk levels. Results showed that the most significant uncontrollable
delay factor was a conflict between the contract design and the Bill of Quantities
(BOQ), with a risk level of 14.63. A suggested solution is a thorough review of design
and BOQ documents before the bidding process. The most critical partially
controllable factor was the contractor’s lack of liquidity and cash flow (risk level
14.30), indicating the need for careful financial planning and understanding of contract
terms. For controllable factors, insufficient personnel were the leading cause of delay
(risk level 14.31). Recommended measures include hiring staff appropriate to the
project's size and scope, proper allocation of work, and ensuring inspections are
conducted by qualified individuals. These findings can help stakeholders improve

planning and risk management in future construction projects to mitigate delays.

Keywords: Delay factors, Building construction projects, Phra Khanong Fire and Rescue
Station, Delphi technique
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Abstract

A ball burnishing process is a process of improving the physical properties of
metal surface layers. The process enhances the surface hardness, internal residual stress,
and surface roughness of the workpiece. Accordingly, it has been used in a wide variety
of industrial applications, such as ship propeller manufacturing and mold manufacturing,
to shorten production times and reduce damage.

The purpose of this research was to study the ball burnishing process of the
SKD11 steel with a silicon nitride ceramic ball measuring 8 mm in diameter, the hydraulic
oil pressure of 200, 400 and 600 bar, and the hardened depth of 0.3, 0.5 and 0.7 mm at
the speed of 2000 mm/ min and the feed rate of 0.1 mm /rev. When the workpiece was
examined for surface hardness, residual stress, surface roughness, area of the burnished
surface.

The results revealed that both the hydraulic oil pressure and the hardened
depth influenced the surface hardness of the workpiece. The average surface hardness
was found to be related to the internal residual stress value, with a maximum value of
629.4 MHV or 57.8 HRC, achieved at a hydraulic oil pressure of 400 bar and a hardened
depth of 0.5 mm, which is equivalent to the result of a heat treatment process. The
surface roughness was within acceptable machining standards. The average surface
hardness could be compared to the result of a treatment process. Moreover, this results

in increased hardness and residual stress.

Keywords: ceramic ball burnishing process, residual stress, surface hardness, SKD11
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Abstract

The objective of this research is to develop a technical model for advisor
selection to study and analyze government projects. The researcher identified relevant
factors through an extensive review of related literature and the Public Procurement and
Supplies Administration Act, B.E. 2560 (2017). Five main factors and 17 sub-factors were
initially identified. After that, the researcher applied the Delphi technique to interview
24 experts. The interviews were conducted in two rounds. In the first round, the experts
assessed the relevance and significance of each factor for the technical evaluation of
advisor selection, using the I0C-based technical assessment, resulting in four main factors
and 13 minor factors. The second-round interview was then performed to determine the
significance weights of main and minor factors using the Analytic Hierarchy Process. The
results showed that the weighted values of four main factors which were the
performance and previous experience carried the highest weight (0.53), followed by
method and implementation (0.25), personnel responsible (0.14) and financial (0.08)
respectively. To further validate the model, a five-rating scale questionnaire was
distributed to 70 stakeholders. The results indicated that the most important factors
were the performance and previous experience, method and implementation, personnel
responsible. The financial factor was also considered important. In conclusion, the
developed technical model aligns closely with stakeholder perspectives. The three most
significant main factors accounted for a combined weight of 0.92. The model can be

adapted for other government projects to select the advisor.

Keywords: Advisor Selection, Government Projects, Analytic Hierarchy Process
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Abstract

This quasi-experimental study aimed to (1) assess the level of fire prevention
preparedness among residents of the Wat Sawat Waree Si Maram community, (2)
examine their knowledge of fire prevention, and (3) compare the levels of fire prevention
and suppression knowledge before and after participating in a fire prevention and
suppression training program. The sample consisted of 50 community residents. Research
instruments included a preparedness assessment questionnaire and a knowledge test
on fire prevention and suppression. Data were analyzed using mean, standard deviation,

paired t-test, and percentage.

The study found that the assessment of fire prevention and suppression
preparedness in the Wat Sawatwaree Seemaram community was categorized into five
aspects. Overall, the community's preparedness was at a relatively high level. Among
the five aspects, the most well-prepared was the operational system management, with
a mean score of 3.60 (S.D. = 0.47). The average level of public knowledge regarding fire
prevention and suppression before participating in the training was 6.00 (S.D. = 0.77), and
after the training, the average increased to 9.00 (S.D. = 0.69). A comparison of pre- and
post-training knowledge levels revealed a statistically significant difference at the 0.05
level. The findings indicate that the public's knowledge improved from a low to a high

level following the training.

Keywords: Fire, Prevention, Emergency
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Abstract

This research aims to 1) study the behavior and occurrence of workplace
accidents among employees in the production department and 2) to assess the
ergonomic risks in the workplace of Sutraland Co., Ltd. The study utilized a questionnaire
to examine the behavior and occurrence of workplace accidents among employees in
the production department during the rubberwood processing process stage, specifically
those involved in sawing and stacking wood, totaling 150 individuals. The ergonomic risk
was assessed using the REBA method on 48 employees, divided into 40 sawing
woodworkers and 8 stacking woodworkers. Descriptive statistics were used to analyze
the data, including frequency, percentage, mean, and standard deviation. The study
results on work behavior and accidents occurrence found that 100% of employees
performed tasks by repeatedly moving their legs, knees, and feet in the same manner
for more than 2 hours per day. 62% of employees were at moderate risk from their work
behavior. Eye injuries from flying objects were the most frequent, with an average of 1.39
(standard deviation 0.88). Being struck by solid objects resulted in the most severe
accidents, with an average of 1.59 (standard deviation 0.99). Regarding physical
discomfort, it was found that back pain was the most frequent, with an average of 1.72
(standard deviation 0.98), and back pain was the most severe, with an average of 1.90
(standard deviation 0.97). Ergonomic risk assessment using the REBA method showed

that 100% of wood stacking employees were at very high risk, level 5.

Keywords: Risk assessment, Ergonomic in the work, Production department employees,
REBA
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dudidsdiissnuiuloddnedialuayuen
UseinAuszana 100 draunuiiesasiiou
ﬁqﬂmﬂﬁmﬁ’wm 275 A wusdu 7 uHun
laun weunyAna WAUNSATD LHUNYIY WHLN
N1INEN LHUNATUALAMNIN LHUNATIFUAT
wazvude wazhnungauU1ge lneninau
WHUNRAATI1WIU 250 AL LUIWITAIIUAY
sz‘]gumaumimﬁmlﬁuﬂsgﬂaamﬂu 9 Funeou
Tdun (1) Febmdnlfindneu 3 au (2)
w3suingAv wineu 14 au (3) 1@ el
WINU 177 AU (4) uwauddansaliilazises
TUsq wi¥nanu 15 A (5) Savien wiinau 5
Ay (6) aulyd wiineu 9 Au (7) Audedn
ARAUAT NN 7 AU (8) FaLSeadnuauld
warlinauA wiinay 15 Au way (9) Anthe
fvusuauvesls fndnau 5 A r3esdns
Fldsuuenansaen (forklift) wdamiinauld
3eadeslsl idaeds iadesdatingn nilody
¥ wavimeu ﬁ'fﬂiumiwﬁmlﬁwizuﬁwu
flzymﬁ':uwmﬂwﬁﬂmmﬁmqﬁﬁmqmﬂ
nszvrumsideslsl iouusguanlsivioulsr
Juukuune q sautanssasealst wu ol
viauviu @eous (Judy (5]
snlenavesnnudvefienaiing uly
NTEUIUANTVINTUVBIN TN ULNUNNEAUTEN
Anausd d1in Sminszees finelviin
aURmnkazNTUINAY TafnwngRnsuuas
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Aldinelusosryae wioaUsyAusig 1
FUfTRONuTaua ez Inia daaniw
F3ndiAdu deauluanuivhaudaiugs
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gUszaIAvan1sIde

1. Wlefnwngdnssunazmsiing Ttve
TunN15YMUIDINT NI UK UAKRE AU EN
ANTIHAUA T11A

2. WieUssiiupnudssiunserans
TunN15vM9UYDINT NI UK UAKRE AU EN

ANTIHAUA T11A

521U8USIY

1. Usgannsuaznguiiegig

1.1 Uszmnsildlumadelaunmdnau
WHUNRARYBIUTEN ANTILaUn 3119 Jmin
s¥u9s §U 207 Au Mvhuihfideslsias
Soslsl ogludunounsidosldl 177 au n1s
winddainsalduasisoalse 15 AU wazn1s
Jaseadnnulduarussgdu 15 au

1.2 nguiegsiildifiensfinwngingsy
wazn1siingURnlun1svinau teua winam
ULNUNNAATBIUTEN ANTILALS T1in 7191

winfidesliuazisosls sausuau 150 Ay
Hundnewuitvimindidesldluduneunis
Gowlsl Sruu 122 Ay wasninaudivinting
Soslifsiuau 28 Ausnduneunisuduaan
wnsalduaziseduse 14 AU warn159nses
Fuuliiuarufieduan 14 au laannsde
13198 1395Uv4 Krejcie and Morgan [6] 7
sefuAdesufenas 95 quiiegisegng
e Tngn1sdvaann

1.3 nguiegaiildiiieUssidunuidss
aunseaanslunisinau [sdudegng
Tnglalilstisnuniagidu (non-probability
sampling) MNNGuFeE1sTINULUUADUNY
lunsAnwinginssuwaznisiingUaivelu
msviau Ineldismeduuuuiangas (purposive
sampling) Iy a15 1M IULNUIN1TANBEDN
(exclusion criteria) l931uu 48 Au wuadu
Wil ne1uT v 19 18 eelsl $1uau 40 A
winauivihma 7ol Suau 8 Au 910
FuneunsududdanseliuasiSeddlss 5 au
wazdunounsinSessauliiuasuiindud
3 au Adulumunasinsendendaeluil

1) laifidyvdlne

2) ldagiaslanisinsinyinnsive

3) Wugiivihauegluuim ansuaud
$1i¥e AfiUszaunisallunisveuluming
Jagtutlesnin 5 U

4) FAUUNNT DINT BWNITN19A 1Y
3298

5) fiuseialasuuaunesusane
wialulsaidenanessuunauieuasify
nansznusenIsinasulmiliung

6) indutheviseiingURmnuainIg
Feldanunsanduuvihaule
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13 eadof 19lunsifusiusiudeya
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2.1 wuuaUnIULA of NN ANTTUNAE
nsiing R lunisieu Wusuuaeuay
fidewydaiudasnados (index of item
objective congruence, I0C) [7] AUANLAATTY
Vo1 EIvye 581319 0.67-1.00 wazilen
avdieriu (reliability) Tneld35duuszans
waan1v039ATUUT A (Cronbach’s alpha
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wiseanidu 4 euldun

nouil 1 asuauiladudiuyana $1uu
15 98 fdnwurn1snoudunuunsiIgeu
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Fosdfitmun

nouf 2 aawmm%anﬂaﬁmﬁ’quamim
A15Y191U 970U 12 T8 danuwazn1snou
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ATUWUL  NsuUana

0-5 AMULABITBY
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AN UALNALAYAIIUTULTIVBINITIAA
qﬁamqﬁaﬁ
1) avwilunisiingtime (uszezina
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0 AzuUY el legldsuunidu
wweluszoziian 3 eudiriumn
1 AzuuL MIeds w1 9 A%e (1-2
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5 a%s lussezie 3 Weudiiiun)
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1 AzluY naeds ldsuuss @enis
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3 AU MHNERA JULSIN @S
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11N 3 TU SUNITHIAA YIn1eAINUIUn
goydeeielzvieiinig)
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LAETEAUAIINTULITIVBIBINITILAUY
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2 AZLUY BB A91n1saginenu
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2 AT MHNEH JURSIUILNETS
3 ATLUY TUNEET JULSIN

2.2 w3esdlefildlunisusziiuriinians
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S0 REBA fiUsvifludausidiunes Ao @i
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Useld umIuuInsgIuves Hignett and
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AYUWUL N1TULUaRE
1 msdsstiosun
23 audesties Sesiniuiuuss
47 anudssliunans msiase
WsnfnnazaslefunsuiuUss
ANNIEBsEs AITIAT LTSI
warAITTUUTUUT
>11 ANudssgen msUuUTaiud

3. A5AUTIVTINT Y ALAENITTLATIEH
doya
3.1 iudoyauariinsziuuudeuniy
1) viwmilsdevesygmiudeya uay
wanuuuasuaNatuaNysalfunguiieged
Mvuald
2) SULUUABUATUNGUAUMIEAULEY
3) #523AUANY T ATURIUVBI
wuugaUny
1) Tinsrzsideya lnsatatlilunis
Fiasngid Idun AN (frequency) fevay
(percentage) Aade (mean) wazAndouuy
1173574 (standard deviation)

3.2 N15USLLEUYIMN1TVINIUR28733

REBA (rapid entire body assessment)

1) fanausei overdt1Usiiu
viamsiauvemsnauluiudiviaeu

2) %meﬁmml,ﬁ'auaﬂi’mqﬂizmﬁ
Y99N15UTELIU

3) Usgtd Uy In19n1991914U99
wifneuidendaed19lilaglysuniunis
'1/|°'1mu‘v13qmiﬂizLﬁummzﬂﬁﬂ’ﬁmuuag
Jufinamedouln

NANIINY

1. wan1sAnwIngAnssuLaznIsIingURLe
Tunsvineu

1.1 Uadwduynea

nnmsanwladudinyanareaniinnu
nauseEe §1uau 150 aw wuddwlvgilu
wAw1e $1uau 109 Au Anduiesay 72.7 8
918581379 32-43 U 97uu 77 Au Anduy
Youaz 51.4 fuwiini 40-60 Alandu $1uau
75 au Andusevay 50.0 fiAugs 164-174
\wuAIAT 91uau 82 Au Anusosas 54.7 §
doydlne $1uau 101 au Andusesas 67.3
fiuszaunsaimsvhaluusenisewin 3.7
U 91uau 80 Au Antdudesay 53.3 uaxd
MwazdadunsUiTRNumLITeT 1

M19199 1 Inukazevavvemiinauduunauladediuyana

Uadedauunna Juu (pu)  Feway
e MY 109 72.7
AN 41 27.3
91 20-31 1 47 313
32-43 9 77 51.4
44-56 U 26 17.3

Mean = 36.57, Max. = 56, Min. = 21, S.D. = 7.37
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Uadediuunna U ()  Fowuax
i 40-60 Alansu 75 50.0
61-80 Alan3u 74 49.3
81-100 Alansu 1 0.7
Mean = 61.49, Max. = 100, Min. = 40, S.D. = 10.16
A2NLE 153-163 19URALUAT 42 28.0
164-174 L wUALUAT 82 54.7
175-185 LoufLUAT 26 17.3
Mean = 167.60, Max. = 182, Min. = 153, S.D. = 6.7
{7 Ine 101 67.3
Bu 9 leun flouan uasfuymn 49 32.7
Usggumsalviney 139 34 22.7
fusnd 1111 307 U 80 5515
110N 7 U-10 U 36 24.0
Mean = 5.03, Max. = 10.20, Min. = 1.00, S.D. = 2.46
spognafdinn 8 dalusdaty 150 100
yivnamsufRon  BufiRnu 8 daluwiotu 148 98.7
fuuftRau 6 Halusietu 2 1.3
HafiRenu 2 dalusdetu 2 1.3
TsAusgdnm Liifilsausgansn 138 92.0
Alsauszandm 12 8.0
Shwetheiadles  lifinnshwiegedees 137 91.3
finssnwegsaiios 13 8.7
LiflAuUn NS R ITaRNITN AU 9N 150 100
Liflsefidanasioszuundmile 150 100
msuadumainy  lildSuuimduniediusianie 149 99.3
3908 TAsuUIAdUNeAIUs9nNe 1 0.7
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naugeiign 3 mmml,sﬂimm UuRnuley
Lﬂaaulmsuma 2101 WUURLD 9 wIundi 2
FlussioTu uazufRnulasied ouluiiin
RENCIT S 9 wund 2 Falussietu Fruu
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UURnulagindsulmilowasdoliowuuin
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desvaangAnssunisinaueyluseauuiu
na79 31UIU 93 AU AavTuSauas 62.0 §
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4. UjuRnulaerdaulmilowazdeiiowuuiugn 9 wiunin 2 Filusss
o 146 (97.3) 4.(2.7)
T
5. UjURnulaewmdeulmuau deren wazlua wuuiug 9 uiunin 2
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Faluasiotu
6. UuRnulaemdaulmaiiuaziod Wuuiug) 9 wiundt 2 Filuwsie
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9. fudraiduaruuvazU iR 47 (31.3) 103 (68.7)
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11. snuazindaudneingniuvtnuinndi 20 Alansu 113 (75.3) 37 (24.7)
12. HefoRnulaeininmgs 4(2.7) 146 (97.3)

A3 3 TIUIULALIT0UALVBITIUIUNTNUIILUNANUTEAUAIIULE BIVBINGANTIUNTT

19U
sERuAEYS 31U Soway
11N 4 2.7
Junang 93 62.0
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374 150 100.0

1.3 msiningUame

namsfinvinsingifimewamingu wud gifwsingnssnudiainnudsannian
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A15197 4 AIANULEEIRINSANURLYG

ﬂ’ﬂllﬁlﬂl‘urﬂil,ﬁﬂ i%@]’Uﬂ’]’lﬁJﬁqULLN ﬂ’]’]ﬂJL’gEN
qufiug Anady S.D. Anade S.D. Pl x A1

UL

1. ¥nay 0.66 0.63 1.11 0.66 0.73

2. Tagnszinudm 1.39 0.88 1.52 0.93 2.11

3. 9nveY JANUIA 0.31 0.56 1.16 0.77 0.36

4. gnlnihgn 0.01 0.12 1.03 0.21 0.01

5. QﬂﬂizLWlﬂ%’]ﬂ“U@ﬂLL‘ﬁﬂ 1.17 0.90 1.59 0.99 1.86

6. pulali 1.07 0.76 1.18 0.68 1.26

1.4 91M15klau1en1eiuIaneg

NansAnwIeINIsllauIenaiugIeniy wudnfiannudmsiineinisuinennniiga
Anade 1.72 uazilnuguissresonsuiavdunnian Aleds 1.90 Muansoazidoaly
M3 5

M15199 5 AnedeunasAieauunInsgIuYeIeInIsllausniewusang

mmﬁiumnﬁw mw‘guma

s Anady S.D. Anaay S.D.
1. U1nfune 0.77 0.70 1.21 0.77
2. Unlva 1.01 0.93 1.41 0.98
3. Uaanad 1.65 0.90 1.90 0.97
4. Unuu 1.63 0.72 1.89 0.89
5. Uanien 1.72 0.98 1.85 0.73
6. UaaLan 1.37 0.81 1.67 0.75
7. Uamn 1.53 0.87 1.82 0.85
8. Uhnidloeiash 1.29 0.97 155 0.74
9. Laum 0.45 0.77 1.13 0.71
10. Uanmn 0.44 0.85 1.15 0.76
11. @ nsnai 0.49 0.84 1.13 0.75
12. FufiRams 1.00 0.79 1.16 0.68
13, 1 JunauILn 0.59 0.84 1.16 0.79
14. Undsuy 0.35 0.76 1.11 0.70
15. NyuATYy 0.48 0.78 1.12 0.71
16. 8OULNAY 1.24 0.85 1.37 0.80
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2. amsuszfiuanudsesdiuniseaanslunisineu
nansUsziunuidssiinienisieuvemitneusiui 48 au wiadudesls 40 au
uraddansaldiuaziSeaduse 5 au wazdaisseduiulduazuinduii 3 Au sswuuUseiiiu
REBA nuimsiheuAanssudeslsisiuau 40 au Snarudessziv 4 fazuuuaudss 8-10
AzuuY mnedsdinnandegs msiessifiuduuazasiuiuug waswiinnuianssuies
lifdwu 8 au fnanandeassiu 5 dazuuuanudes 11 azuuy winefsdanudosgenn

AITUTUUTIIUT AAlanInanns199 6

AN51971 6 IUIULAYIDYALVDINUNIUIIUNAUTLAUANULFLINIINTUAARNS

fanssu o siuAMALEes
F2AU 1 2AU 2 S2AU 3 5AU 4 52AU 5
Gdeulsl  Feld T - - - 40 -
(Sozay) (100)
Inseald alduaziSealusse T - - - - 5
(Sozay) (100)
wliuazudindu S - - - - 3
(Sozay) (100)

dsduazaiusena

1. wan1s@nwngAnssulunisinauwes
NUNMULNUNREAVTEN ANTIaUs 3110
wurminaudingAnssuid saluseduuiu
nane wgAnssuiindnamnaurhiesfigade
nsUfoRnulagindeulniun i wagi
LUULALEN 9 uun3 2 FalusdeTu Fanns
wdeulmaen q nieluvindlwmanzan i
AuduWus fun1aznduil efaasen
(muscle tension) Msvhauminveandnuiile
(muscle overuse) SauMansasuLUases
Tnssadsluszozendinsenudenisyhauees
nuausINTEANLATIdUUTEAIM LAANIS
v uaInnsind oulme q (repetitive
strain injury, RSD [11] 7t unguenisuan
dlesndunile @uuszam uazidu nanseny
wdnvesnsindeulvsaiileaunuiuly Tiua
Aanisdniauuaztinidies saaineins

Uinawludadudu 4 ves1ene ieswin
n&niloyndrunesitinieinnuidonleiu
Duedetneg aufinansAnwmuiindnaud
amsUandioeazdindu q lnenisuiniesdl
anuilunisifingeiigaaniade 1.72 uasd
ANTULTIINIMTUIAAAgeTian A1lade
1.90
fiaenadeatudinlsnainnisuseneu
odnuazdanndey nsumuaulsa [16] 7
ssqdﬂwﬁmmﬁﬁmiﬁﬁﬂ’ﬁmummasﬁg’] 9
(repetitive) lagldaieay 192 8167 LU 91
ilo Yeilo wazwin Wunaiuu (work period)
Saufunsdadanded sadadaevianisiilyl
Wing@u (unnatural posture) 10 unalsil
pnstanau Uanten Y wagdin 1a
Faduavmiiunantadeau (ob factor)
Turagininaudnistestusiedasld
gunsaidesiudunsediuynnaiiies 32 Ay
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Wiaosar 21.3 SedenndasiuNanIsAny
naingUi@manlunisiureanineu
wudmdnauingdRme Tngnsziiudinnd
mmﬁiuﬂmﬁmqqﬁqm Anady 1.39 wazgn
N32UNNIINVDILT 1T T2AUAINTULTIVD
qﬂ’ﬁmaqﬁﬁqm ALade 1.59 nan13Anenil
donnd 0t uU3Ted nuatsaduii A nw)
wssoluaanuusznaunsviegnanmnssui
uanenefy uifiwgAnssunisviiaudlduse
warnduiledrudfauieatu fie du
WY AUV KATLDT LYW NUNITURAEINNTTY
naALazUsEnoUd udIusiaansednd [12]
FuitRnulugdomionmaie (13] T
winaui devieuludidneu [14] was
wnwmsnsiugnd [15] Wudu Awudaymnis
Uaaidl 98 wasnueIn1sAaUnfnIesEuU
ﬂé’mLﬁaLLasﬂix@mﬂiuLﬁmﬁ’u

2. nan15Uszul uaad 8es1unise
ANARNS LUNISYIUYBINT NITULNUNNER
UTEN ANsIaud 9110 A3835 REBA wudn
wﬂfﬂmuﬁﬁwﬁﬁ]ﬂiimad'aaiﬂﬁmm@'mqﬂ
(S2HU 4 M3 0AZUUUAIINLE BT 8-10
AZLUL) WazAdssgandmiunnad
MAanssuSeald (S2AU 5 MSeATLULAINY
ity 11 Azuuw)

Waii 35 REBA 1Jun1suseLiiuviang
A3Tutaes 19 (rapid entire body
assessment) AILAZILYDY AB A1 U7 UIY
wazile Faduaiesiiovszfiunnudsiidu
Pfeuldnusgrannifuddud 2 sesnnns
Uszifluaanandesdae3s RULA (rapid upper
limp assessment) ALdun1sUszdugienie
dauuu [17] ebnsdenlidulumudnuas
ya3n159h9u mndunisteiiey aas
Uszifiumnuid 89d1633 RULA waznisiu
Ve Uszifuaudesdae3s REBA [18]

JolauBLUL

1. ANANITITYWUIINL AT UAIULIA
(Fouaz 78.7) luildaunsaidesiudunsediu
YAAa (personal protective equipment, PPE)
lse9udal3TH Toua uwiumn failer uag
39N USENAITAT 1T ndTnA 1uA2Y
Uaensielaenisiviaius (education) $auriu
nsivuasedeuu]Us (enforcement) My
wan 3E Weadaasuaruvaenselulsasuy
QNAMNTINOYAIUTEANTN NG9

2. NHAMTITENUINTNAUYANTEUNN
nvends dsldunviouls! Tuduneuvesnis
Inseld USEMas1mnsgIuN1sInaIu (work
standard) 18 wenanse Ten1su U a1
(standard operating procedure, SOP) 4AN13
aUTNAT19IANT AR saustadatne
Uszanduwus i enudasndeluusion
V91U

3.91AKANIITYNUIINENIULA B
Wmuninsiaeulmussamefidesens
Aansuindu Taud nsvieuvianiesn 9
nsopnusIAuids (ndeudeTagiidhmiin
1NN 20 Alan3) Feauusinenssasedly
Wiine1usus Jym1duns1eaInvInienis
yauitligndes saufensdaaiulidngg
Uswsnéuile Samdeandnunieluvne
U WemnAnINnISEENLUUE LT
lalwsnzauiuassramtnay LaganInnng
YR UsEnmsiansandsulse

4. nan15UsziiunuLd s REBA wusn
winausT e ﬁmmwmﬁmqﬂ wanaliLiiy
Sminnudewhnudiiniseasulmglug
WLazyinenIsend igaenisiad eulunaly
Wzan USEMAENInsnIsanauLE B
N19NTEAIEAS ANTUAITIR A UNT NITU
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Abstract

This study proposes an empirical model for forecasting the backup power
duration in telecommunication systems. The model integrates key battery condition
indicators—such as service life, efficiency, and the effects of initial discharge—with
environmental factors including temperature and load conditions. A 100 Ah lead-acid
battery was employed in four case studies: (1) a new battery under controlled
temperature, (2) an aged battery under controlled temperature, (3) a new battery under
uncontrolled temperature, and (4) an aged battery under uncontrolled temperature. The
calculated backup durations obtained from the proposed model were compared with
experimental results until the specified terminal voltage was reached. The findings
indicate that the proposed empirical model can accurately estimate the backup duration
with @ Mean Absolute Percentage Error (MAPE) of 11.42%, demonstrating strong
agreement with experimental data. The developed model can serve as a practical
criterion for assessing the reliability of backup power systems in telecommunication
applications and can be effectively applied to energy management and preventive

maintenance planning in future work.

Keywords: Empirical Model, Backup Power Duration, Lead-Acid Battery,
Telecommunication System, Mean Absolute Percentage Error (MAPE)
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Case study 1. (Control Temp)
Capacity (Ah) 100
Load Current(A) 9.70
Battery Life(%) 98.75%
Effect Temperature(%) 94.00%
Performance Remaining(%) 80.00%
BT Test (Hr) 2
Low Voltage Discharge 1
Calculate Backup time (Hr) 8.66
Test Runtime (Hr) 9.78

Accuracy (%) 88.50
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Case study 2. (Control Temp)
Capacity (Ah) 100
Load Current(A) 9.70
Battery Life(%) 75.88
Effect Temperature(%) 88.00
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Case study 3. (No Control Temp)
Capacity (Ah) 100
Load Current(A) 9.70
Battery Life(%) 98.75
Effect Temperature(%) 67.00
Performance Remaining(%) 80.00
BT Test (Hr) 2
Low Voltage Discharge 1
Calculate Backup time (Hr) 6.46
Test Runtime (Hr) 7.11

Accuracy (%) 90.81
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Case study 4. (No Control Temp)
Capacity (Ah) 100
Load Current(A) 9.70
Battery Life(%) 75.88
Effect Temperature(%) 63.00
Performance Remaining(%) 20.00
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Abstract

This research applies the Quality Function Deployment (QFD) technique
together with the Analytic Hierarchy Process (AHP) to design and develop a kitchen
counter that best meets customer requirements. The study collected customer needs
from 80 respondents and expert evaluations from 8 specialists. Subsequently, the AHP
technique was applied to a sample group of 30 participants to conduct pairwise
comparisons and calculate the weight of importance for each design factor. The analysis
results indicated that “structural strength” had the highest weight (0.32), followed by
“ease of use” (0.27) and “moisture resistance” (0.21). A satisfaction evaluation of 30
users revealed an overall mean score of 4.48 out of 5.00, with the highest-rated factors
being structural strength (4.63) and ease of use (4.55). These findings demonstrate that
the kitchen counter design developed through the QFD-AHP integration effectively
fulfills customer expectations in terms of modernity, strength, safety, and usability.
Moreover, it establishes a competitive advantage through the selection of materials

resistant to moisture and chemicals and ergonomic design suitable for real-world usage.

Keywords: Quality Function Deployment, House of Quality, Analytic Hierarchy Process,
Kitchen Counter, Product Design
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Abstract

This study proposes a seismic risk assessment model for reinforced concrete
buildings following an earthquake by applying the Rapid Visual Screening (RVS) method,
adapted to suit Thailand’s urban and geotechnical context. The assessment process
combines standardized scoring from FEMA P-154 with field-surveyed physical indicators
such as building height, number of stories, plan irregularities, presence of shear walls,
and visible damage. These factors are converted into a Final RVS Score through basic
scoring and adjustment factors (Score Modifiers). A logistic regression model is then
employed to estimate the collapse probability based on the Final RVS Score. Field
surveys were conducted on five buildings located in Bangkok, an area characterized by
soft soil and moderate seismic risk. The analysis revealed a moderate negative
correlation between building height and RVS score (P = -0.625), and a moderate positive
correlation between building height and collapse probability (P = +0.675). One of the
case study buildings, a 15-story structure with structural deterioration and irregular
features, showed a high collapse probability of 73.11%. The adapted model
demonstrated its effectiveness for rapid, cost-efficient screening without requiring
detailed structural drawings or in-depth engineering analysis. It allows for prioritized
decision-making in post-earthquake building inspections, potentially reducing
unnecessary demolitions and supporting sustainable urban resilience. However, further
enhancement incorporating dynamic structural behavior and digital inspection tools such

as point cloud data is recommended to improve accuracy.

Keywords: Rapid Visual Screening (RVS), Earthquake, Seismic Risk Assessment, Collapse
Probability, Structural Vulnerability
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Abstract

This research presents a modeling study on electricity generation from a micro-
hydro turbine and its 12V, 7 Ah battery charging system. The main objective was to design
and test the production of direct current electricity using the small water turbine. The
experiments compared varying water flow rates to assess the impact on the generated
electrical energy. Water was released at different flow rates, and the resulting voltage
and current were recorded. The results indicated the micro-hydro turbine generated a
maximum output of 1.68 Watts at a flow rate of 18L/min. This output is sufficient to
efficiently charge the 12V, 7Ah battery. The charging system, utilizing a Boost Converter,
was designed for efficient charging by adjusting the charging current to 0.7Amps. This
study is significant for renewable energy development in remote communities,

demonstrating the capability to produce and store electrical energy effectively.

Keywords: Small Hydro Turbine, Renewable Energy, Battery Charging Syste
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wsudmduiluwmasseliundu wneas
8 299315 AUUALADS MUNBLAY 9 LUALADS
YUIA12 V 7 Ah, NUNELaT 10 LaULLBLSIADS
fyuih Ju F50 12V [12]

2. N1529NUUULATNATULTULYRT IR
Sasnslwavasin

ANSDOALUULALNAFDULT LTS TADATT
mslavesih Sudnnsiauitusznaudae
Némanadniivhannsaluanle dlswed
Aindsogngluuaylfidueasuuy Hall effect
Wemsadunavsuvedlanes iWedlvariu
17 A lsmevyy wagA SN
azuUstumuensInsinavetn [ulwed
Hall effect 935293UN15LUE BunUasve9
ammujmﬁﬂﬁuﬁmmﬂmimuﬁuaﬂsma% uag
wanudyaaiad Fesruniaddeniae

o

U v fu W

La1ENNUS USRS Iavestn

ASNAABUAILWL U VO LT WwDSYn
Tnglddninuun 6 ans Udestruduses
JunuAds waztSeuiiouA1Usunang
Fuesialdiuysinasinede vimsnaaeu
1 10 ada fiothunduaAedy Aoy
1IR57 waziUesIfud AduAataLAGou
ntudsSuuiraeufisuiitowfiuaiy
uduglunisinnely

AN 4 nsraulresinensInIslrares
Y1iuuesm Arduino R3

ndugesindnsinisivagu YF-5201
fuuasa Arduino R3, @18dwaa 5V, @agden
GND, @188 L1a 94 Digital pin 9, LED Digital
pin 2,3 LAZFAIFIUNIUY 220 Q

3. ATNAFBUIIULLBITMBS AT Ju
F50

mimaauwmuaLiL%%ﬁﬂﬁ’uﬂfﬁu F50
12 V Huagvinnsnaaeulagnisaeiauiuels
wosiuh Ju F50 12V ifugaduies
fndnsnisivaven U YF-5201 uagsowd
fuszuuiUzunlaensdnndaniindudy
szdiun Tnefin1sreluiaismesuuy 1 wdes
way 2 1ades dsandulduadudinedtn
usssulnidldannuueisnedfwiuiiuas
nsianszualnilngldnasnlinseuanss
12v 9 Widulvan Yalaeldunduidines
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aunsudiulnan wazdufinnadnsinisiva
vouinfidnadeussulniiuaynsualning
mmuiusmmmmuiﬂﬂwmq 9 Iﬂammi
VAFOUT I 10 Fm LLauWIﬂ’ILQaEJLL‘Nﬂu
Tfinsedusing 9 2 gl 5 uaza il 6 uans
AsinAussnulndwaznszualuiiainiau
LUBLSINBS

AN 5 ANFIALSIAUTNAINLAULBLSLADS
wladivnlyasinu

AT 6 NIFIANTZLATNNAIINLAUUBLIADS
wladiunlvasinu

4. NTPONKUUIDTYISINUAADS 12V
TAh

Tanseenuwuulanelusunsy Proteus
MANNIINNUTDI1SIEMUBUNALE 93T
Step up ylFusauiindu n1sasaada
LssFuIINUUALRE3 TnBAIuANIARsaYas
Sdn1sasadausunisnisld nsudives
BC337 Juduseuiisuuseny Tuaniiy
LSITULUAADIgaNI U s T UYRIT UM 2x 16T
Ialanlalen 1N4742A ud Blocking lails
ASEUAIINUUAABS IMaNdUINTIla eSS
YauzvnsTtuunmesazd Tal LED dunq
udienssiureunAes uINNTILTIRY
Sunaazdlal LED Aidsauansdu nnil 7
WARINISNAABUVMEYSIIULUSLNTY Proteus
295915 uUAmeIgnesnuuulianusaUsy
ANNSEUATISIUUAADS %50 Crate 16 Fada
Alimunzaniuguaudfvenunines i
Banldinszuawialiiiu 0.7A
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AN 7 NSNRFRUVLNSIUIUSWATY Proteus
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nslwavsa

nrilnavadlyin

- T by
Generator .
)
. DC Corverter
Boost Step-up
b -

= 3 ' ° ° a 3
AN 8 UAD ﬂl@E]SLLﬂillLa@ﬂﬁ'ﬁu‘ﬂi%ﬂ@Uﬂ'ﬁVﬂﬁ’]u‘U@ﬂLLUUQW@@QﬂWiNﬁﬁIW‘WW‘UU’]ﬂLaﬂ

NN 8 N5 braveatntuazluaain
fFaun9un 30 405 Wruduunazlvaniu
WuwesTndnsinisluavesin tnaludaau
wasnasiienanlndnaglvandudedaun
poududIunistuavesliidnduazluaain
WL luee ArduinoR3 Ll BLanIA1E999
Led wazdnadiudaluaannauaisinasiuds
1995yARuLIBsinesiiaUsunsrLanowdn

s a A o a
1995915k UnLaes i alualudanumnnas Tu
1 @ 6 o [
Arudueas INA219 89NN innsSelanay

wsanulilunismsandsanniuasdanaly
&9 ArduinoR3 LilauanaA18998e Lcd

NAN133VY
Tuns@nwtdlavinnisageulsz@nd
= o a o % I
Amaeaasasnndalwd inasvuiaian
(Pico-hydro generator) iq"u F50 wagsguy
Usgquunined 12 V fieanwuuiu lagly
Clamp meter 8% FLUKE 1Juinsesiedn b4
lumsveaesinamisdmesmluin wanis
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naaauaINIsauUseandu 3 dunan lawn
(1) Uszavnmueamdesiudalnih 1 wn3eq
(2) Ussavnmueandasiudalnih 2 1deq
fisouuuruy waz (3) Uszansnmueisyuy
Usyquuniae3

1. UszBnSnmvanaiasindaluiia 1
\ASaq

mwmaauqmé’wmwmm%“'mrhﬁm
Ty F50 $1uau 1 1as e Ll aAnwn
AuduTuS ST s Inslvavesi (L/min)
Fuamslnindindnls loun wsesuluia (v)
nszualniin (A) wazmasvily (W) uanawans
397 1

w3 aerdalui s wvieu (Cut-n) 4
9m51n15t1a 3 (L/min) lag@unsanan
wsanulinla 3.10 v nseualiiruseane 32
mA wagzidalih 0.100 W dlednsinasiua
yesiuty Ausssulriiuasnssualviing
ranlg Tl ftuludnuasanudusiug
W atd un e (Linear relationship) & swal
Adsltiing WinTunallugae

A15199 1 HaveInadbiivesnIsnaaay
LAULUBLSADIAIULN U F50

8n35N19 NITUE EXT ] haGE

Ivavasth Wi (&) i (v i w)

(L/min)
1 0 0 0
2 0 0 0
3 0.032 3.10 0.100
4 0.038 4.00 0.152
5 0.042 4.89 0.205
6 0.046 5.66 0.260
7 0.051 6.15 0.313
8 0.058 6.91 0.400
9 0.063 7.43 0.468
10 0.069 8.12 0.560
11 0.075 8.92 0.670
12 0.082 9.55 0.783
13 0.091 10.27 0.934
14 0.1 10.83 1.083
15 0.11 11.26 1.238
16 0.12 11.64 1.397
17 0.13 11.87 1.543
18 0.14 12.00 1.680
19 0.14 12.00 1.680
20 0.14 12.00 1.680

UsgdnSamnmisudaluinfegngean
(Rated performance) 7 8 a51n15kna 18
L/min Tapanunsanaausssulviile 12.00 v
warnszualningaan 140 mA (0.14 A) fin
Huindslaifigeani 1.680 W nanisnaaey
Piistudr Asmsmslvagendt 18 L/min @o
19 wag 20 L/min) 1A3 sandnluii1idng
annedus (Saturation) TneAussduluiii
nszualin uaziddlwinfindalatienaei
utusndeluuandunnd 9
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—&— AR (W)

1504 - wsafulaia ()

= nmurlii (8

fadalaia (W)
usaaulin (V) / nezualiin (A)

o 2 4 L] 8 10 12 14 16 18 20
Shsmstwavaani (L/min)

7MW 9 HamIvaaeuAEnuuzdliihveaseiulalndy F50

2. UszAnSamvawasasnidaluin 2 a15199 2 navesidslwinvesnisneasu

\ASReADLULTLIY uweLsedfiuh 2 Wisweuuuruy
Wi A nwIkuINIIN SR unszualnii Sammns  nswa  usedu sl
dmiusruuUsEauUames 3wihnismaaey 11("3%'“‘)“ Wi @ i ) W)
Tngiias esdndaluiagu F50 $ruu 2 rlmn 5 5 5
LA D9UADIIITRUVTUIY FINANITNAGDY 5 0 0 0
WARIFIn1519T 2 3 0 0 0
PINNIVAFOUNUIT STUUTIRORUUTUIY 4 0 0 0
s’faamsﬁmswmﬂmmaaﬁ']ﬁgqsﬁmﬁaﬁums 5 0.070 3.32 0.232
uanlin (Cut-in) Tneszuuisuynaudisnsn 6 0.084 4.12 0.346
A15b1a 5 L/min NaALSIAUY 3.32 V NSLuLa 7 0.095 4.92 0.467
70 mA waziasluin 0.232 W & auansing 8 0.110 267 0.624
st sstndalninaIoafiend sy ? 0.128 6.46 0827
‘1/‘1"1&’1‘14‘1’7‘ 3 L/min 10 0.140 7.24 1.014
1 0.155 8.07 1.250
12 0.168 8.86 1.488
13 0.180 9.48 1.706
14 0.196 9.85 1.930
15 0.210 10.25 2.153
16 0.225 10.74 2.416
17 0.238 10.17 2.420
18 0.250 11.66 2915
19 0.265 11.87 3.145
20 0.280 12.00 3.360
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W esmsinsivai ud u usetunas
nssualiduun i udueg1esow o
dawalsrdslnifistuny a snsinislua
gagAfinaaoy 20 L/min 53UUAINNTONER
wsasrulaiale 12 v daiisuinduiasada
vonsestnidaliineIonfier uawise
niansvualninlaaedia 280 mA (0.280 A)
waglvimdsluiihgean 3.360 W

dlewFeufisufunsmeaeuiniostnie
T eI eafior (@alvinszuagean 140 mA
wazadlviihgegn 1.680 W) Hansaaouil
Fudur1n15R BRUUTUIUAILITaLAY
ANuansalun1satensewaliin (Current
capacity) latdu 2 v eg1edmiau dawali
Mdslwiisauvessyuuiviuy 2 wian
VOUNITHDIATHUUIUIY

3. NANSVAFOUNITVITIUUALABI UUY
wsaFulniasil

¥N5MIAADUTTUUUSEIUUALADS YUA
12 V 7 Ah Tagl#38n1suszquuuusetunsd
(Constant Voltage Charging) i 13.8 vy
an 180 w1ii (3 Falus) mamsﬂszmwmmaé
LARIAINNTI97 3 LumLADIBedlusaTuLS sy
10.71 V gnuszadensualiiindeudiansdi
7 0.7 Alugas 100 wiiusn ndsaniu e
ussfurakUAmeTIfingetu (dnlnd 13.20
V) nszuan1suseavaey 9 anad (Tapering)
ANAAENYAITYBINITVIS IUVVLTIRUAST
mde 0.13 A A 180 il

W AE UAANITNAADY WIIAUTDS
wusaed i udwdu 1370 v (faaasld
13.72 V Gauansliifiuinssuulszauunned
fivonuuvanansavinaunazsnuszg il
guusmeslaegnaiiuszdnsam

A13197 3 NFUTEAUUALABTUUULIIF AT
Inglduseiun 13.8 v

nandildly nseudluih wsedulnin
AM5U159 (A) W)
(min)
0 0.7 10.71
20 0.7 11.21
40 0.7 11.70
60 0.7 12.22
80 0.7 12.74
100 0.7 13.20
120 0.55 13.42
140 0.33 13.60
160 0.20 13.68
180 0.13 13.70
dsluazanusena

sATeddyay e ofnwinisi
w§suvunldlunisudanssualiii Tae
AU N1590NUUULALNAADUTLUUNER
wanulniuadnannganusi fhuns
T Fsuthaunadn nansmaassuandeiiiiu
feUszansnmiiumelavesszuulunisnan
Il

nMsineUsEanSaneeaadastiie
T wdshuunngn (Pico-hydro generator)
U F50 LLﬁZiZUUUi:ﬁQLLUWLWBé‘UU’m 12V
PENLUVTY WU 1edsrudnliinauadn
fananlausavinaulaeg 19l used@nsam
meldensinisluave st imunzay nns
nadausionIestudalninsiuiu 1 1edeq
wuinsuvheufisasinisiva 3 anseeuni
Taglrusenulnin 3.10 Thad nszualii
0.032 wouwd$ wazidslnda 0.100 Yns 1ile
§as1nsluavesi A udu Ausatunas
nsualniifinanl gl futludneae
WWadunse audeensinislua 18 dmsaeundl
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iwdesiudalulilimmdslifingeand 1.680
Tod (U399 12.00 Taad nseua 0.14 wosuys)
Fadurszansangegn newdnganioz
susudlosnsinisivaiiu 18 Anssewnd tny
Annasliliiuusliueeildfiadusn

MTIASIERUsEANS MTanalaiin veq
szuufiodud sddglunisusediudnenin
vostaiurnazias oarudalaWa Tag
Usz@nsaiw () awrsaarudralaain
Sn51d V0 SN TRERLS Pou HOrAS
1G9aR Puster AeaLINSALNST 1

n:ixloo% W

water

wirenAfedarlildsymnnugees
blngnss uivnnfinnsandsinihgaged
1.680W &4 8m510151a 18 L/min 38WU31
Uszans namsauaoans serndaluia F50
Tugasmahaugeaaideudaiudlodoud
Mdnfienaintuase FeUsdinfaiuiuas
w3 sailn i fildidosTasunisudas
wasuaadvesindung syl ans
aamwuﬁaﬁﬂﬁﬁgﬂmqﬁmmgauﬁ’umm
fukazdnsinisivaluvedwuduuuimied
afalunsiinuseaniamuesssuulaesiu
TupuiandmsunsnagauLas ol
FIUAU 2 1AS 091 A BLUUIUIY WUTITEUY
éfaamaé’mwmﬂwasuaaﬁwﬁqﬁmﬁaﬁums
udalii Tnaisuvhaufisnsnislva 5 ans
foundl ausandannsanulaii 3.32 Tian
Aszualnin 0.070 wauuys wagnrasluii
0.232 ¥nd Wosmsnislvafiuty ussiunas
nsvualwihiiuunliuidusedemuiens
A58 20 ARTABUNT @UITONAALTIAY
Tosile 12.00 Thas nszualuin 0.280

neuuy$ uagsldslwihgean 3.360 T 1ilo
Wisuisuiunsaliad estudalaiuiies
L3 D9 EINUIINSADNATUULTUILEI5D
Wuauaiunsalunisiienszualniiuag
dslufisulduszunn 2 wih Jedenndes
AUNOBNITADNITUUVIUIURAE T UG UT
Uszansnmlunisldemusiuduvens oq
fudaluihnaneiedes

wonanil ﬂ’liVIG]ﬁEJUi%UUUi%!LLUG]LG\Eﬁ
LUULSITUASTf 13.8 Taad Hunan 180 wndl
WUTMURLABS YUIA 12 V 7 Ah Aidusasy
Fudu 10.71 Tadt anansafuuseqludnly
agadiafesniw lagluyae 100 wdiusn
ASTUANITYIS AT UTEN0 0.7 wouwus
waziiloussfueUmAo TN U TNERN
LSIUAST NszuaNsIsIanasednaLiie
AN WUENNTUTTUUULTIFUAST Qumde
iBe 0.13 wonuds u Auganismadey las
wssiuliingaisvosnumae i ud iy
13.70 Thast wansliiiuinszuulszquunined
floonuuuannsadnusqliitnguunine’
I8egr9iUszans nmuazlasnsie s
f-ﬁm’amnmﬂizquumLma%"quwj (Tiheory)
WURALABS AUNA 12V, TAh 71 T usasuLs udu
10.71V ani1fesdulszaAnUssana
4.5Ah (@NUAFIUAINENIUEN1TAN8UTE])
PNRITUINTERANITTIS 9AIT LU U5
leharge = 0.7A 1A 1 un15UsE RN B4
Tineoy@1HNTORIUINIINANNTT 2

T AQ 2)

theory =
charge

Iy AQ FeUunaulszafidensiiu &
zlAnanUsyann 6.43 F2lug (386 W) A9ty
ASNAFBUNTEELLIAN 180 W19l (3 F2laa) 39
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