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Abstract

This study aimed to examine the production process of A Case Study of Sewing
Trousers Process at where waste, excessive processing time, and redundant operations were
identified, leading to high costs and low efficiency. Data on work procedures, distances, and
processing times were collected, with root causes analyzed using a Fishbone Diagram and the
5W1H technique. The ECRS principles combined with a Flow Process Chart FPC were then
applied to improve and compare the process before and after implementation. The results
showed reductions from 20 to 16 steps 20%, from 56 to 43 meters in movement distance
23.21%, and from 2,804to 2,491 seconds in processing time 11.17%. These findings highlight a
clear improvement in production efficiency. In conclusion, the integration of Fishbone Diagram,
5W1H, and ECRS with FPC effectively minimized waste and enhanced efficiency, offering a

practical approach applicable to other manufacturing industries in the future.

Keywords: Production process improvement, ECRS, FPC
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AT T Usvasiioundgmianuanguazanuluasianevesn uniwlunisde
mEnEuLULIELA penalansedn SuinainnszuiuntsUoudunuuuuaLinAiviaUszans amn
%qlgﬁwumazaaﬂLLUU‘*qué"]Lﬁ&JﬁW%’UJ@iJLMﬁmé?mwu%wﬁ’uLﬂ%aﬂmimiaamﬁmﬁummL%’J
warAukl uglun1sia 350153 98UTEN0UAI8NITAS 1A ULUUIYUUS AL BIasnAdoU
WisuiisuUszans nmmsinseninnsdlivazlufisnedndes nsoudszfiunuiainasainy
le9nsawestuny mannaemuIn svuuiivannd uamseannalunsFamEnduLuLI 9 mm
91N 8.6 s/piece (NBUNAILN) 1de 3.8 s/piece (MAaTAL) Amdunisiiulsyansnmsewas 55.81
Tumuarauiug Fusuiianumn 3, 6 wazr 9 mm auertmIng 150 mm daArueaede
WU 150.2, 150.1 uay 150.2 mm auasu Sanuaaiandsuludu 1 mm uazaiauainede
Uszanas 90° inrunanmndoulaiiu 1° Wonaniin1sinssnAINaIINSTeINIFUIUNTS (process
capability analysis) n28TUsunsuABLRLADS NUIIAN Cp (process capability index) wag Cpk
(process capability index FUSUMBRUMLITS9) d195UAILI 3, 6 WA 9 mm WU 1.85/1.39,

1.95/1.60 Uag 3.30/2.26 AMUAWU FIGININNUNIINTFINOAAMNTINT 1.33 HANTIFLTUTUINYA
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FNANASIINRUTUANTOINUIEANE AN sHERAIUANANA MLz iAnan I TunsUsEgnalyly

muqmm‘wmim%a

AdALY: weINAlensedn NMIRAWENEULUY SEUUTENEY AnUuIugTlun1sdn

ANAINNTAVBINTEUIUNIS (Cp, Cpk)

Abstract

The aim of this research is to overcome the problem of delay and non-uniform quality
in the cutting of flat steel bars by hydraulic press, due to the inefficient traditional process of
feeding the steel bar to the hydraulic press. So a conveyor rail system to convey flat steel
bars along with the hydraulic press was developed and designed to boost the cutting speed
and precision. The research method was to build a prototype for the conveyor rail system
and test it to see the difference in cutting performance between the conveyor rail and no
conveyor rail, as well as the cutting time and the accuracy of the workpieces. The experimental
results indicated that the developed system could cut the cutting time of the flat steel bars
with a thickness of 9 mm from 8.6 s/piece (before development) to 3.8 s/piece (after
improvement), which is an improvement of 55.81% efficiency. The accuracy of the workpieces
with thicknesses of 3, 6 and 9 mm and a target 150 mm, showed average size of 150.2, 150.1,
and 150.2 mm, respectively, with a tolerance of up to 1 mm, and an average squareness of
about 90° with a tolerance of up to 1°. In addition, the results of the process capability analysis
using a computer program showed that the values of Cp (process capability index) and Cpk
(process capability index adjusted for actual position) for thicknesses of 3, 6 and 9 mm were
1.85/1.39, 1.95/1.60 and 3.30/2.26 respectively, all of which are superior to the industrial
standard of 1.33. The results of the research validate the developed conveyor rail system
which can enhance the production efficiency, ensure quality control and can be applied in

real industrial conditions.

Keywords: Hydraulic press, Flat steel bar cutting, Conveyor-assisted feeding system,

Cutting accuracy, Process capability (Cp, Cpk)
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AN 1 LASDIFAVANLAULUUNBUNAILY Thummala et al. [4]

5.2 MINAUITLUUTNE NS
miaaﬂLLUULLaza;NssUUiNé’WLﬁaaLLuuqﬂﬂgaLﬁaiﬂgiuﬂwsﬁau%yuqmmy']aiﬁwLmﬁqﬁm
FMLATEBEN AL TIUIUGNNA ST LA UL YD AN ANLAULUY A9 1938 UUTNENTLILUY
annAs (roller conveyor) fiseagtBendisil 1urugNNAT 6 Units S¥E¥W1a 120 mm Fanvannal
ANTUBLIARBURY IEUNLAUENAN 25 mm 1A595093U WNNaBsILIA 40x40 mm SEULLTIEAN
usndsamuuasifiuauahianelunisUsuusmungsumin
5.3 dunounisusznounasinia
nsfaulasnaienalansodnsuiuisdndsduneunssznouuasRndessuusnedies
waRIFams197l 1 Usznaumieninges 6 nmiSesddu laun (1) fdagedamsnienfuunulansedn
(2) NMIARFIYATOIT VMU ST UUSUR ALY (3) NIAAGILAIYANANTBULHLUITNA
Funu (@) TassaTassdides (5) ‘Q(ﬂi’mﬁ’na&mw;ﬁ]ﬂﬂiﬂLLﬁ%QﬂﬂéjQ ua (6) ﬁmﬁmmﬁﬂlﬁmwwé’a

MIAAILY SNEAENITUTENBUYARANSINTHAUILAAIFINTNA 2

M15199 1 TURBUNINAIUITZUUTNANABIFMS VYRR NLELLUL

1 fhdayasnmanniy 2 MIANFIYATOITUMNUUIG 3 MIANAUFYANANT DN
wnulansedn UTUAeAINEITUIY WNUUITNATUIU
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15197 1 (M9)

4 TAT9ATNTNALAYY 3 L.
5 YAT A LALINTONLATS 6 YAFAMANLAURUUNE

uazgANaa NSHAIWN

AN 2 LASOIFALVANLAULUUNAINAIUN (WTONRAAITLUUTIIANEEL)

5.4 MIVARILAAUTEYE

nanAaeslmENAULULINGA SSA00 TUIA 150x100 MM ALY 3, 6 UaT 9 mm ARy
A n3ealag U 10 piece MnasUA LAz SEITNEN 30 Fuserumu dWSuNIVRGEY
Araug eI sitauieieslie Tnlsznauneunandiramiuazden 0.01s esiilesamay
Wasine Mitutoyo ATwazeA 0.02 mm uarlUsunsninesAuasden 0.5° NTEUIUNTNARDS
wuseanduassaiu aruusndummageunalumsdn Wisufisusennaldnisda 4 wuu lown
(n) yadandsiaundefadaruunsdndos (@) gadaneuimuniilufisedides () msfnniouna
ua (1) Mafameidesdnuuin 14 in Ju HR-014 wnagdsvhnsdnmaniauaumunosaneiiios

'
CY Y]

UIWANUNUIAE 10 piece Tuiinnafsuaiudsuiunuaunseisinvinauysaantiuieinaiy
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§1IUAZAINRINTOITUNUT LA drufidetiunsnadounUwIuEIveIYRfana ImLI ¥1N156n
WIRNWABZAIUNUITINIY 30 piece HNTIRANEMITIANELBsHEsAAUUeTHAZ TAAINRINAIY
lUsunsnimesiioinveyaluiasenainuaiunsnvenseuiun1sdaneasil Cp way Cpk naly

F087198YALATUNTANF NS UMANEULULAT 9 mm LAAIRIANTINT 2

A1590 2 fegnsayaalunsein (s) dmumaniauuuwn 9 mm

pssd yadaneuRAIL (5) YARAVAINAIU ()
1 8.6 3.8
2 8.7 3.9
3 8.5 3.7
4 8.6 3.8
5 8.8 3.9
6 8.5 3.7
7 8.6 3.8
8 8.7 3.8
9 8.6 3.9
10 8.5 3.7

BER 8.6 3.8
SD 0.10 0.08

¢ Y

5.5 MTIATIZRVELA
W19y au1AIuINAINEUILATIENAYTAIINAINITAVINTEUIUNIT (Cp kae Cpk) Ade
TUSWNSUABUALADT NNUAAIAINNAAIALAFBUNAEBNSUL 1 mm (USL=151 mm, LSL=149 mm)

WU Tz LIUERYTAINUDINTEUIUNT

6. NANITANTUIU
nansALiuauuussenidu 3 aundnainguszsasnueaanuide lown 6.1 Ma3suifisunan
TUNSHATENINNTZUIUNITAGE 6.2 ALLAILEIVOITUNY WaY 6.3 NTIATIZNAIINAINTATEN
N3gUIuNg (Cp, Cpk) wseueAUTENalTIve 7
6.1 mslspuiisunanlunisan
mMavpaeuUszAvS MweunarddunislesIeuifioussraedamaniauuuuneunds

6V ¥

n1sUTuUTaRanesEuUTNa g siunauimunsNdwUSsuiisudun1sAnnlgunawazn1sinn g
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LASDWARTN 14 in NAFBUAUMANLAULUUVUIN 150x100 mm NTAUNUT 3, 6 kaE 9 mm 1Y

AMUVUIAY 10 piece HaUTINYAIMANIlUAITIN 3

A1571991 3 WiguLgunaaaglunSHAMANEULULIUIAAIUIRLIATGE

ﬂig‘U'JUﬂ'ﬁ(;]jﬂ AIUNUT 3 mMm ATUNUT 6 Mm AIUKAUT 9 mMm
YAFAEITAUT (19T NHE) 345 355 38
YAFANDUNALN 4.4 s 6.4 s 8.6
nsdmpLna 26.1 s 274 312
wieadesdn 14 in 350 s 64.0 s 90.5 s

999 3 wureedandsianninatedslunsdnananiefisuiuneuiamuinnaany
WU @unsoantiatba Aty 20.83% ETUAINIUNLA 3 mm 45.31% d1FUAIWNUY 6 mm
uay 55.81% dnsuanuvun 9 mm deSeuifieuiumsianiouna Wuiﬁéqmﬁwa”qﬁmuﬂﬁgnm
UBENIN 85.9%, 87.2% AT 87.8% & WMSUAIILMLA 3, 6 WAy 9 mm ANy wasiilaisuiuiedes
L?ﬂlaﬂﬁﬁﬂwudwﬁﬂizﬁw%mwgm’h 90.3%, 94.5% Wa¥95.8% MUA1AU

6.2 AAILUUEN VBT UITUME WAL

M5UsEEILATULLUE N UANEILAE AR NYBIT U LTS TAIF LI UN s Tne ST U

W 10 pieces/mm meonesiosaades mnuavden 0.02 mm LLasLﬂ%ﬁmm HAUTING FaUER

Tumns9di 4

A5199 4 AU VBITUNUNGINITHAILITEUUT A A

AU AU AU AVNARIA | AILRIN | AYINAAIALAA B
Fus (mm) | wWvne (mm) | wde (mm) | waew (mm) | wie ©) A11RN (°)
3 150 150.2 +0.2 90.1 +0.8°
6 150 150.1 +0.1 89.9 +0.7°
9 150 150.2 +0.2 90.0 +0.6°

INANTNN 4 NUNFUNUNNATILEANEIRRERYlUYIe 150.1-150.2 mm TANARTA
wasUluAY +1 mm Wulumunan A nrualurauwani1sive ¥enaINt ATAININRINLRA VD4
Fuuynaunuey ivszuna 90° Ianuaaiandouluiiu £1° wandlniiuissuusnandeaae

diuauadanelumMsTamugununauinama lnuuiaNgnaemnelia
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6.3 MIIHATIAAILANLITAVBINTLUIUNNT (Cp wag Cpk) melUsunsuneLiiomes
NM5TLATIZN AT AIIUEINITOVOINTEUIUNTT (Process Capability Index) Fuilunisnag
TUsunsumeufinmesifiesuiduninuad osuasdnenInueInszuIun1SRANA IR Auunan
Wsaneanendueuil 150 mm waza1runanadoufiseusula +1 mm USL=151 mm,
LSL=149 mm Wan1s AT EtdmiUmManEuLULLRaT AL RRR AT 3 He 5
6.3.1 NANMFIATIEVEMTUMENEULULILA 3 mm
13RS IEAAINLE TN TAVBINTEUIUNTASUME MALUULIALY 3 mm siunsiite
Ussilwanesnmuesnszuiumsslaglaadvd Cp uaz Cpk Wushdinussansnmussnszuaums

HANITIAATIZALANIAINING 3

Process Capability Report for C1
(using 95.0% confidence)

LSL Target usL
Process Data | Overall
LSL 149 ] — ——~ Within
Target 150 [ -
USL 151 | Overall Capability
Sample Mean  150.248 | Pp 2.16
Sample N 30 | Cl for Pp (1.61,2.72)
StDev(Overall) 0.153984 | PPL 2.70
StDev(Within)  0.180362 | / PPU 1.63
Al Ppk 1.63
W ClforPpk  (1.19,2.06)
A Cpm 1.13
LB for Cpm 0.96
Potential (Within) Capability
cp 1.85
q Cl for Cp (1.37,2.32)
\ CPL 231
N cPU 1.39
\ Cpk 1.39
X | ClforCpk (1.01,1.77)
Ny
149.1 149.4 1497 150.0 150.3 150.6 1509
Performance [
Observed Expected Overall Expected Within
PPM < LSL 0.00 0.00 0.00
PPM > USL 0.00 0.53 15.39 |
PPM Total 0.00 0.53 15.39

A7 3 Naﬂ'ﬁ%Lﬂi?%%ﬂ’l’]&lﬁ’]&l’ﬁﬂ%@ﬂﬂﬁ%U’JUﬂ’ﬁﬁ’Wi%JUmgﬂLﬁ‘L!LL‘U‘LWIu’] 3 mm

A 3 WUIANRABYBINTEUINT (Sample Mean) AU 150.248 mm wazAdosiuy
119551un181UN5EUILATT (Within StDev) 117U 0.180 mm dawaluardwininuaiusnves
N3EUIUNS Cp Wae Cpk AUy 1.85 uag 1.39 amd1dy %ﬁgqm"]mmsﬁmmgmqmmmﬁmﬁ
133 [14] ﬁus’]’u’iwﬂszmumss"fqm:uﬁamuv&]m@mmwmaqﬁumﬂﬁagJ;msﬂwuaUmﬁﬁmu@lgﬁaéwﬁ
Us¥AnBATm WA Cpk 9A1N11A1 Cp L?ﬁﬂﬁaseﬁqﬁﬁdmismums%ﬁmiLgaaquélﬂwﬁq%m§wﬁm
vuuNmuiefinsandnvuzvesian NUTAVENAULULILT 3 mm SwnTuuAanisduaniouuay
ﬂ’ﬁL‘ﬁlEJWY’JiSM’JIW\‘iﬂ’ﬁJ@uLGZT’]?‘{;GTWLLﬂﬁﬂ@fﬂlgﬂl’mﬂd?iﬁﬂﬁﬁﬂ%’]ﬂﬂﬁ’mﬂﬂﬂd’] \losnnflanuudauss

L%Qiﬂix‘iﬂiﬂﬂﬁhﬂ’lWﬁﬂwaiﬁﬂﬂﬂ?’]mLL“UTUTJ‘L!SU’ENﬂi%U?Uﬂ’]iiﬁﬂﬂ’l’]ﬂQﬂJ 6 WAy 9 mm Lﬁﬂ‘Ll’eJEJ PEANY
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FNENFEMazIEUUlEnTo A NINALITUEIA11T0AIUANLLINISIAG BUTI YOI TR WAL S N¥IAIY
alauavewsadoulneswatlowinlunszuirunisdnsdiiadesninkazausandnduanule

6.3.2 HANITIATIENAMSUMANLAULULNUY 6 mm

[ a

ﬂ?'ﬁLﬂ'ﬁ’]%%ﬂ'ﬂ?«laqﬂﬂiﬂ“U@ﬂﬂi%‘U']uﬂW'iﬁﬁﬂ%JUL‘I/TﬁﬂLaULLU‘u‘VT‘UW 6 mm ANTUNITLND

¥
[y

UsziliuatasnmuazUszansnmassnszuiunisaalaglynidail Cp waz Cpk Llumdinaaninaes

NTTUIUNNT HANITUATIZULEAIAINING 4

Process Capability Report for C2
(using 95.0% confidence)

LSL . ~ Target . - USL
Process Data : Overall
LSL 149 [ ! BN — — —~ Within
Target 150 i ‘
uSsL 151 : Overall Capability
Sample Mean  150.177 i Pp 1.67
Sample N 30 | Ci for Pp (1.24,2.10)
StDev(Overall) 0.199453 : PPL 1.97
StDev(Within) 0171191 | | H PPU 1.38
== Ppk 1.38
Ci for Ppk (1.00, 1.75)
Cpm 1.24
LB for Com 1.00
Potential (Within) Capability
Cp 1.95
Ci for Cp (1.45, 2.44)
CPL 2.29
‘ CPU 1.60
Cpk v
CiforCpk  (1.17,2.03)
|
|
|
1491 1494 1497 1500 1503 150.6 150.9
Performance
Observed Expected Overall Expected Within
PPM < LSL 0.00 0.00 0.00
PPM > USL 0.00 18.30 0.76
PPM Total 0.00 18.30 0.76

2N 4 NaﬂﬂiaLﬂ'ﬁ?%ﬁﬂ'ﬁﬂﬂ?ﬂ’]iﬂ%@ﬂﬂ'ﬁ%U'JUﬂ’liﬁWﬂ%JUmgﬂLaULL‘UU‘VmW 6 mm

1NN MF 4 WUIIAILRA BYBINTEUIUNTS (Sample Mean) M1AU 150.100 mm LazA1
Deauummsgrunislunszuaunis (Within Stbev) Wiy 0.171 mm asxalvandasiinuauise
Y99n5EUINT Cp WA Cpk AU 1.95 wag 1.60 Aud1fiy Feganinnamunnsgiugaamngsy
7l 1.33 [15] Budunnsvuiunsiiaiosnmuaranansomuasamnnsestuslaognsdusyansam
dofinnsuinisnszanedvesteya wuALed sreenTruIunses lnaa U manemnduidle
WIBuLEuAUIME NLAULULALY 3 mm AalnA1LAGIALAG BUTDIT LILANAUATYELR 1
\afigsninnisnszanefiveseyaldnwuraiianon1nd usEUUAIINIAIUANAIINLUTUTINYDY
nszvaunslaRTumEnaULILIL 6 mm dannuudusadidasanannnundnauuumu 3
mm Fasannsduasiiiounarnadewhvesiunuszamsougiurusinamalnsruug

a1desaNnsaAIUANLLINITIAGRUNTasTan il snmunTuvasfeiussuulansednaunse
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aevensidoulaeematiiansruIunsindauuiuggukaranlanansiinvesdeniely
N3EUIUNS
a ‘o [ [ ¥
6.3.3 HAMTAATNEWMTUMANEULUUNU 9 mm
MIATIZAANUANNTOAVOINTTUIUNTEMATUMANEULUUIUT 9 mm andiunisiiie
UsiudnenmaInszuIUNSARLAEAINAINTAIUNITAIUANAMAINYBISEUUTHRILTUlY ARl

Cp wag Cpk WuUMTTAUTEENS N MUBINTEUIUNMTHANTIAATISRUAAININTNG 5

Process Capability Report for C2
(using 95.0% confidence)

LSL Target USL

[ Process Data : Overall
LS. 149 ! - - — - Within
Target 150 H —
usL 151 Overall Capability
Sample Mean  150.177 Pp 1.67
Sample N 30 : Cl for Pp (1.24,2.10)
StDev(Overall) 0.199453 : 2 PPL 1.97

Ppk 1.38

|
StDev(Within)  0.171191 | Vol PPU 1.38
i - H p E
Cl for Ppk (1.00, 1.75)
| 1.24

Cpm

LB for Cpm 1.00
| Potential (Within) Capability
Cp 1.95
| CiforCp  (1.45,2.44)
| CPL 2.29
CPU 1.60
Cpk 4
| ClforCpk  (1.17,2.03)

1491 1494 1497 1500 1503 1506 1509

Performance
Observed Expected Overall Expected Within

PPM < LSL 0.00 0.00 0.00
PPM > USL 0.00 18.30 0.76
PPM Total 0.00 18.30 0.76

AN 5 HANITIATIENANNAILITVBINTLUIUNITEIMSUMANLAULULYYT 9 mm

AN 5 WUIALRABTDINTZUIUNIT (Sample Mean) 118U 150.317 mm Lagaltleaiuu
1105571un8luNsEUIUNIT (Within StDev) iU 0.101 mm adualnaIfyiAua1u1s0ves
N3EUIUNIS Cp kag Cpk AWMU 3.30 Uag 2.26 AMUAIRU F98INIUNUNUINTFINEAAINNTTY

wandbiuanszurunmsianunlsusiumunuazifnanmagdunisaiuaunun masstuauln

'
Y

dulumuvefmuaidefinrsannisnsznefvesteganuroyadiulvgynizgniaeylnaniadeuas
fnanszanedasiun aeanaosfiuaduil Cpk figenan 2.00 Ssdeegluseiuiiben nszuiunisd
@il B30MgeUuaraImIInAIuALAIINAAIALAE DUT83T uulnes1efiUsEANS AmM Aadbves
nszvaumsgiivualumd sdlunsdnsidauudnuos wdnauuunun 9 mm faruudausads
Tnssasgeiianideissuifioutuasmnuwadlalumnaasuassalnnisduasiiousasnsindeu
et unuITM N ITUINNRnanai narUUTE LA B I S0AUANAUNLIYD YR lnDENs

wuuguInTurgRgnusruUlansednarunsantenenusudeulnossii@iosaniasalaue
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AaNalnAIAIULUTUTINVRINTZUIUNITANN A LAz e LU sEANS A luN1SAIUANA A INT DY

Furulneestnlay

M13797 5 asuAirtianuaNnavenseuIung (Cp, Cpk)

AUMLNTU (M) Cp Cpk Lﬂmeﬁmmgm (1.33) NaN1TUTELIY
3 1.85 1.39 o HANUENLNTOLNEIND
6 1.95 1.60 M1 HANuENTaLiE I
9 3.30 2.26 o finuanunsome

NA15NT 5 agulansruiumsdamdnauiuen A eanalensednsauiussuuIg
d11889liAAYIAINAINNTOVBINTEUIUNTHIUNAUNUIATTIUAAINNTINNNADIUNUILALAITUNUN
9 mm Anasfianillewnananuniunduiinduauiivuluunisinaivsenmsiadeunsenig

AAUBYNINAINA ALY TUTILNANAS

7. 9AUS1INANTIVY

mnnansadunuluine 7.1-7.4 aunsaedusionalagd

7.1 sunailunisin nsAafiszuusddssrisannanlunisinatesrstaauanislumgn
WU 9 mm FeneuRaLniinaeas 8.6s ndsimuanude 3.8s Andulssansawiinty 55.81%
NaRINa1IEBAAA BN UNENNNTUDITEUUAEES (Conveyor System Theory) 328aALSIAUNILANT
LA DU LAZANLAT LN ST AR LU IS S UALTINUI NS UUEENUE L E D 1E1NSanLaN
[16] lunsiadeusiefagla

7.2 pruAuLL U sTuus1anassraelvsunu et uauiiauaiasedmalnainang
AaALAREUTBIALERLIAY 1 mm wazAmannlifiu 1° faduluauveuwnnsisefimuusls
waoﬁ’ma'nLﬁmfmﬂmiﬁszwlamaéﬂmmmmmmLmﬂmle%uasmmﬁﬂizﬂauﬁ’mzwﬁwLﬁmﬁﬂha
muauﬁ%mﬁﬁmmﬁmﬁuLLmﬁmwmudﬁswéf@ﬁaslamiaéfﬂﬁ;mmLL;J'us]’wﬁ [17] AnnSEe
BN

7.3 AMUAIINAINITOVBINTLUIUNTT A Cp wag Cpk ﬁ'quiw 1.33 ’Lunﬂmwwmﬁu{]’mﬁ
nszurunIndsTandanuadesuasddnenmismedmunisszgnalylugnanvnsuna
miﬁﬂmaamﬂayaqﬁ’umm%mm3§mqmafmmimﬁ'ﬂ°mu®’h Cpk > 1.33 §921n52U9UN"58
AYNAINNTOLTBINe [18] A1 Cpk AR UALAUNUIIB T I (1.39, 1.60, 2.26) F1vdiua
ﬂszmumiéf@mﬁﬂﬁﬁmmmmmmﬁﬁLLuﬂJﬂﬁmmLLmﬁwqaﬂﬁ \Hosannduruiiusmiuniy

NNSLARDUNIETMINFAUDINI
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7.4 v9311nve3udTy 0813lsfiniuan Cpk 1621 Cp Tuynarumu (aganizaaunun 3
S = Y a i Yog ! v = & =) a

mm a1 Cpk = 1.39 FslnaiAsanam) uandbiiuiinssuiunisdaiinisigesnue F99191nnn1s

AIAFIUAUINEATUIUNTONTANNTOVRIRUNTA At AITHNITUTUAIAUELAz U IS N ILATBY

[

suaanaielunszuIun1seglunIzAIUANNAB Y

8. d3UNaN153Y
qm%%’af‘jﬂszaummﬁwL%f\ﬂumiaaﬂLLUULLazﬂ’@umsqméf@mad’méjmww?aEJLﬂ%"mﬂmiamaﬁﬂi"m
AUTTUUSI9E LA 84 qmﬁwé’qﬁwmmmma@L’Jaﬂumﬁmaqlg 20.83%, 45.31% way 55.81%
FWMSUMENMUT 3, 6 way 9 mm Mudsy WeisufunuRRLIn AL LY T UL A LEN
WAsoglurag 150.1-150.2 mm wazadua1nde 89.9-90.1° Fadulunuinamanuaainadoui
SMUALENIINT NNTILASILNAINLANLNTAVDINTEUIUNITHUINAN Cp/Cpk dmSULmanuun 3, 6 uay

9 mm AU 1.85/1.39, 1.95/1.60 Waz 3.30/2.26 Auadiy %qqqﬂ';"]Lﬂmsﬁmmgmqmamﬂiiuﬁ

'
o

1.33 Han$I98USUNTLUUTNA R T ARUTUA NN TOANUTEANTA NN THENLAL ATUALANA N

Tapgnafiuseansnw

9. YoldUDLUL

miﬁmsﬂ%’uﬁy’qLLazﬂwqq%’ﬂmazwméﬁLﬁmnuﬁméfméwaﬁmma WasnwauuLuguas
@Y NUDINTEUILNNT UBNa T TusunanonaRaLNsEUUUsuT Ul AT AU wTesLAL
PLC 5908955 0UATI9d0uuIaLUUSsalnl WiofinyssansnmnsuanuazanAINLAaInLAE o U
NSEUIUNTT ﬁﬂ‘ﬁqmiﬁﬂmmiﬂisqﬂé’[ﬂ?ﬁ’ui’aqﬂszmwﬁuuasﬂizLﬁummﬁunwmm@mam%

YBITTUUNNAUITU

a a

NARNIsUUTZNA

[ a

AMYHITYVDVBUNTEANDIATY AS.ANANS Y1291 NUTNWIT AuTTTAU uual AusTna

q
¥ £%

alaf warAmAIly Waliny KIS ULUIAARULUUTSUUAPIAG NLAULUY Laza1u1IYIATAIENT
PAFINNITUNITHY 0N AEATAIANTEAAIVNTTY UNInedemaluladsivusnadaiu Ineun

YUk NatiuayuningnsiazdulgauarnInIualdelussqingusean

ANLAASUNUIMNKATEIUTINVBILITEY
Aesidnd vuee : Weuawatuunany dudunmeaes HuTIuTINTeya

AVEYNTE UIAEILUU ¢ G]i’)"ﬂ’d’e]‘ULL@SﬁUﬁﬂﬂJ@Nﬂﬁﬂ?ﬂﬁU’]ﬂJ '3mewﬁuaagawawu IANINITN

NIzneA U0 : 99NLUUTUAIUTEUUT N9 8TUTLATUABUNILADS VI18UsEnouURnfIYnfn

9

A NLAULUY
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ARANE Y1397 : MUUALLIAANITITY denuuuTelleulside Awadinsiznveya (Cp/Cpk)
Weunsiaasukazinlunuadyu MAvguafianIvinig wazusmsdnnislaseanside ylsunnauls

?1uuaraylRnuatuunAINatuanNY
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Abstract

The primary purpose of this paper is to find the interaction between the inclination angle
and filling ratio on the performance of a two-phase closed thermosyphon as both two
parameters are rarely studied together in detail so far. The tests were conducted at an
inclination angle of 15°, 20° and 25° from horizontal plane and filling ratios of 60%, 70% and
80% of the evaporator volume by ethanol. A copper tube with a diameter of 22 mm and a
total length of 450 mm was used in the experiment; the tube was divided into three parts;
150 mm heating section, an adiabatic section, and a cooling section. The hot fluid inlet
temperatures were 55, 65 and 85 °C and the cooling water was held at 20 °C constant. The
results of the two-phase closed thermosyphon performance were evaluated based on the
recovered heat transfer rate, thermal resistance, and by a second evaluation from the heat
transfer inside the machine. To understand the figures the Nusselt number, Rayleigh number
and Jakob number were used as dimensionless parameters. Based on the experimental
results, it is found that the two-phase closed thermosyphon with 70% filling ratio and inclined
at 20° gives the highest heat transfer performance. The thermal resistance was the lowest
under these conditions, and the heat transfer was the highest amongst other conditions tested
and the theory of boiling and natural convection was in good agreement. Clearly from this
study, both the inclination angle and the filling ratio influence a lot the heat transfer efficiency
within the two-phase closed thermosyphon. The data obtained will be useful for further

design and implementation of the waste heat recovery systems.

Keywords:  Two-Phase Closed Thermosyphon, Heat Transfer Performance, Filling Ratio,

Inclination Angle, Dimensionless Parameters
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3.2 Tatevuearduansvhaudisedaien lufinnsanasyausingy
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Na1uvesvesivanasidunlvanIuUI MUY TEIMEE 0AIUAIULUY [42] FepuduiusHInaT?
asauanslaluzUresaunsneluil faunisi 1
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' [ '
aalef A

UseAnTnmn1sangnAnuTaunfndy 1Hed9Indn1snIANNTouIINNITAG auNTedlalaruanad
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nanerdule Jedauszdiunginssunisiiennaznsidsuanuznsluneanuseuluumesiuleney
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[46] muammiﬁ 8

b 2 2
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dl ! ! ! ! L2 L2
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cin c,out

a = a o a £ £ o o
gaungiinieeen (°C w38 K), 99 _ syussavitanilitutusauds X,
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15U UANN UL UUIUTINNBUS LI UAIU U DN BVDINANITNAADT NUATEU LA
N153AsznaulukuueureIn1sInleisn1g propagate uncertainty AuNgeuad Kline waz

McClintock (1953) Wa1541971nAN bk ULeUYewLAT ol atannasyln town wasluauidaviin K
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Abstract

This research article aims to develop of an Electric Vehicle Prototype and a Hybrid
Charging System, consisting of a solar energy charging system and a residential electricity
charging system, and to evaluate the performance of the developed prototype electric
vehicle. The propulsion system consists of a brushless DC motor rated at 24V with a power
output of 600W. The motor is powered by two 12V, 40Ah batteries connected in series to
provide a 24V power supply for the electric drive system. The DC charging system utilizes one
solar panel with a power rating of 85W and a current output of 3.5A. Meanwhile, the AC
charging system employs an AC-to-DC voltage conversion circuit through a step-down
transformer rated at 18V. The experimental results of the dual-mode charging system showed
that the voltage generated from the solar panel ranged from 18-19V, with the maximum
voltage of 19V recorded between 12:00-13:00, corresponding to the highest light intensity of
9,616 Lux. This resulted in a continuous increase in the battery voltage level for the electric
drive system. In addition, the test of the residential electricity charging system revealed that
the voltage at the terminals of the two series-connected batteries gradually increased until
reaching 24 V, which corresponded to the rated voltage of the propulsion system. The research
results demonstrate that the developed prototype electric vehicle with a dual-mode charging
system can reduce limitations associated with power sources for electric vehicle propulsion
systems and provide greater flexibility in energy management by supporting both renewable

solar energy and residential electrical power sources.

Keywords: Electric Vehicle Drive System, Solar Energy Charging System,
AC/DC Charging System
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