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Abstract

This research aimed to construct a low-cost household wastewater treatment
machine for the community along the Wang River in Mueang District, Lampang
Province, and to assess the efficiency of the community wastewater treatment
machine. The study involved surveying the discharge of untreated household
wastewater into the river, collecting wastewater samples for laboratory analysis, and
testing the efficiency of oil absorption using wood charcoal and porous ceramic. The
study also included designing and constructing a household wastewater treatment
machine, with subsequent calculations of its efficiency. The study found that the
average Biochemical Oxygen Demand (BOD) value, representing the organic content of
household wastewater, was 240 millisrams per liter. The values for oil and fat were
measured at 1,488 mg/L. The results of the study on the efficiency of wood charcoal
in absorbing fat and oil revealed that a charcoal depth of 0.5 centimeters achieved
the highest oil absorption at 91.17%. At the same time, porous ceramics of all sizes
demonstrated an average oil absorption rate of 25%. The optimal combination of
charcoal and porous ceramic was determined through various ratios. Ratios of 4:1,
1:0.5, and 2:1 exhibited the ability to absorb oil up to 99.82%, 99.78%, and 98.29%,
respectively. Additionally, a comparison of the production costs of household
wastewater treatment machines in the study with those available in the market
showed that the prices in the study were somewhat lower, possibly due to the ease
of finding materials and users' ability to assemble the machines.
Keywords: Wastewater treatment system, Household wastewater, Community along

the Wang River, Water source, Lampang
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3) thsfufinauuda Ussann 500 n3u asdeuwa 50 Ans ntuiininazenn
HasadbugauTu 20 803

4) ddegstiidsfinIonimadlussdneniu Ainsiadaaiadosiitni
Tnesaeamilouanwnsliiluiinusysu vdeslihvariugntinaumun vinsme
Azo1AnINae819BnTauUIIN 1 Ans Wlemtaunaaiidiegiaindiiiuszuuiitam
svnUSinahifuiledunmussansam

4. NaN5IY

ionauinguirasdlunisdiiiuniside Tunseenuuuuaradnaiostidainde
Tuﬂ%’u%ummﬂsvwé’mﬁmmflvamﬁ’wmu%mmjﬁq Jamdnanune angddelananina
nMsingitndeainiou namaaulszdnianiangadu uasnanisiuTeuiio
UﬁvammwmaqmummLasﬂumuiau feflnansifosd

4.1 nalnsnzvanausRtdsanaiiGou

Mnnsfiuiegsindeiiieieseiautd wui Aauandsnvesinfinuey

TuguansBuridvietloflneade Ao 200 fadnsu/Ans Ahdusarlvsiuegi 1,488 fafinsi/dns
eaenndostutoyanisdrsanuamindnntiuinerdouazeinisviasing q wuide
Mnafwesthuinedeiumausmituuayluiulssann 500 Sadniu/ans uazaina
sauffudndu 9 Yo mesinmmsiimUsnarsuueslusuUssane 1,500 faanti/ans
(Pollution Control Department, 2003) TnsnsUdaeasguvasiin andleflaimmiAu 200 fednda/
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ans ennsfunarlusiuldaasiiy 100 faandu/ans (Ministry of Science Announcement
Technology and Environment, 1994)

defiarsannaiitinsegd wuienisfuuagluiufienfuunsgiuds 140 wi
Fauandlumsnedl 1 mafinanisneaeuiimaaiosninfanssunisliiluniiZeu sany
manewislaifiszuusiimindenouldesisgundsarsisny Sarundssfiasfanadonmnm
i luundstisssueid wazsvuuinavinulaesevld Welduanismaaouamuside
fnsuszquiuiuafadetedifisites wasiuurfanssfuinnisvdniitunarlody
Jusuduusn

M13197 1 Kan15iAsERauandRdnRInATITauLlaig uuNIATEILAIUANNITITUY
1111431n81A15 Uselan 9

~  ¢da . Vel NaN3 AN
WITUNBINAATIEH - .

NATIENA UMY
oy (pH) - 5.02 5.5-9.0
U‘%mm%uﬁqazmﬂuﬁ’] (Total Dissolved mg/| 1,250 -
Solids; TDS)
vhsfuuaylasiy (Oil & Grease; O&G) me/l 1,488 | lalfiu 100
Flaf (Chemical Oxygen Demand; COD) mg/L 9,980 -
Ulaf (Biochemical Oxygen Demand; BOD) mg/l 240 laitAiu 200

4.2 MAATNUTEENEA W TagaatU

fangaduiiviinisiassluadestrdndudeluniniou Tnsyudrvdadisiy
wazladu annsageduingulfinniian Tasnismindeusines 100 n3u Wilvarudanses
flussgiangaduruinng 9 ileguavesvuindagadu wuirawlild wuin 2 wudiuns
1 udung wae 0.5 wumues anunsanadulasevay 39.28 Seuay 56.66 warieuay 91.17
iy wudeulifivnn 05 wuitms asnsagaduinsulildniian Tuonefissiongy
YUIRAe 9 ansagadulduszuuiesas 25 wu Lwsilinnguiivuin 0.5 louRLuns
ansagadutiuldindaadsuandunind 4 fsflanmdululdiifuarloiuanag
esanlgaiulugnguvunadnuesigadu (Kaji et al., 1986)
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Y v

lunsdaiuauddiaedBnianennsal simple moving average (SMA) ﬂﬁvmummimm
nsthdeyanisuedudiimunvesaniulsenounisuiamia mmmauwmaaﬂaum
mmm@1%@1@81@mwuwmmlﬂmaummquu {919 10 19015 ntuIaifeya
AM3U18v8sAUAIRINE TUAPFenniiSniswennsalfitmngauiuguuuuveatoya
NNsIATIETeya WuIrgULuLvesIBnsnennsallivunzanfudeya Ao daudn
5 918015 Yeyalmavauiuizn1sneInsaliiedinig moving average WUU 6 Wiau uAdn
4 518A15 AISLEID moving average WUV 2 Liau LagdumA1dn 1 $19A15 AISEEI0 moving
average WU 4 ey agUalddnglumsiniivaudnanasegiiuszanas 9,729.70 uwisiod

Ardnfny: AwudeInsAuM, funumsiaiiv, 3nsmeinsalaadeindeuiiedisde,

N153ANTTAUATIAIARS

Abstract

This aim of this research was to create a comprehensive guide for predicting
product requirements and managing storage costs through the application of the simple
moving average (SMA) forecasting method. The investigation, initiated by filtering data from
the total sales of a specific business, aimed to identify large-sized products within
a designated product group, amounting to a total of 10 items. Subsequently, an in-depth
analysis of the sales data for these products was conducted to identify a suitable
forecasting method based on the observed data patterns. Following the analysis, it was
determined that the optimal forecasting method for five of the products was the 6-month

moving average, while the 2-month moving average was recommended for another four
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products. Additionally, one product was advised to utilize the 4-month moving average.
The derived conclusion suggests that implementing these forecasting methods would
result in an estimated annual reduction of approximately 9,729.70 Thai Baht per year
in the overall cost of inventory management.

Keywords: Product Requirement, Storage Cost, Simple Moving Average Forecasting

Method, Inventory Management
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(Tubpond et al., 2018)
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3.1 MITUTudayauazAnendeyavasaniulsznauns
1) Yoyarialy
anutszneunisiidendnwt Wuanuusznounisusziandeuvngly
yunidn s miietudiuerlvasasuduazaunsaisng q faudiidnsimiieludanis
Uszana 40 518m5 lesnnifuannuuszneunsiiiadiauinislaifies 3 ¥
2) Bmsdeteruiasndsluganulsznaunis
Fnnsdstedudnasnds Insdsdelmiilodudlndvun uarldnianeinsal
WUU41E 1138N131MIALUUASE (Naive Forecast) Mangfia nsneInsaluSunaaiuaeens
visgUasAluauinn 1ndeyaludagiu 1y venviuheuunsiauviels 350 ndad
T dugrudeyanensalliinfoununiius wunzaneld 350 nae wuwdeaiu
3.2 szylymvessuidy
Mnnafununuteyadufasndmosaniulsznounts nut Jgmiliniu
Tuaauuszneunisilutladedndy fe Junidunisdafiviud Janinisvianis
MNunumsdsdedudn ilvinisdnfuuazdnaududnnifueudens daudunein
funalvgFeilfiAanslifuiiiu doganafununussriafeungainiey 2565 -
ael 2566 Fauandlunsned 1

M15719% 1 Toyavuinvesduiivesaniuusznaun1sitdlunsdnwm

a1y YoRudn nde | 817 | @9 | T | Size
(cm.) | (em.) | (cm.) N&av9
1 | loliusn (Brake light) 10 9 10 29 | NM A1
2 | Ivlgnidu (Hazard lights) 11 9 115 | 315 | NMA1L
3 | Inuih (Headlamp) 11 9 105 | 305 | NMAL
4 | e (Indicators) 12 | 95 | 12 | 335 | NMAL
5 | lwifiou (Warning light) 12 9.5 13 | 345 | NMA1L
6 | Waileu (Spark plug) 125 | 10.5 15 38 | NM A2
7 aneiaisu (Spark plug wire) 13 11 15 39 NM A2
8 | antumdnd (Clutch bearing) 14 11 15 40 | NM A2
9 | gnUudewih (Front wheel bearing) 14 11 15 40 | NM A2
10 | 1nsIngauunil (Temperature gauge) 18 11 15 44 | NM A2
11 | wes¥asudemas (Fuel sauge) 18 | 11 | 15 | 48 | NMA2
12 | 1wesuansaasa (speedometer) 18 12 15 45 | NM A2
13 | N329nUDINAS (Rear view mirror) 20 15 20 55 NM A3
14 | éh@awusn (Disk brake pads) 21 16 | 255 | 625 | NMA3
15 | @e1nAsagua (Car Antenna) 22 16.5 26 64.5 | NM A3
16 | arewuluie (Fan belt) 22 16.5 25 63.5 | NM A3
17 | dudeiisse (Seatbelt) 225 | 17 27 | 665 | NMA3
18 | a1eAuLss (Throttle cable) 23 17 27 67 | NM A3
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A13197 1 Jayarwinvesdudvesaniulszneuntsiliidunsdifinw (se)

anu Fodudn A9 | 811 6N 574 Size
(cm.) | (ecm.) | (ecm.) n&a94
19 | @1ewwsnile (Handbrake cable) 23 17.5 27.5 68 NM A3
20 | AwAYS (Gear stick) 255 | 19 28 725 | NM A4
21 | wnuthengzidousa (Number plate) 255 19 28 725 | NM A4
22 | nszanueetne (Wing mirror) 27 19 | 285 | 745 | NMA4
23 | Auusn (Brake shoes) 27 25 30 82 | NMA5
24 | 97ua"y (Distributor) 28 | 265 | 30 84.5 | NM A5
25 | WIndwg (Clutch cover) 285 | 265 30 85 NM A5
26 | wummes (Battery) 30 30 | 30.5 | 905 | NM A5
27 | AL (Accelerator) 33 31 31 95 NM A6
28 | Aand (Clutch) 33 31 31 95 | NM A6
29 | RUAAT/uHUARRT (Clutch disc) 33 31 305 | 94.5 | NM A6
30 | Wy (Steering wheel) 40 35 31 106 | NM A6
31 | duusn (Pump Brake) a5 | a2 | 34 | 121 | NMAT
32 | ldmewsaaus (Car shock absorber) 45 | 41.5 35 | 121.5 | NM A7
33 | falusn (Disk brake) a7 42 34 123 | NM A7
34 | fiavhau (Windscreen wiper) 50 43 44.5 | 1375 | NM A7
35 | g19uen (Michelin tire 16) 55 | 405 | 45 | 1405 | NM A8
36 | ¥19uen (Michelin tire 17) 55 40.5 45 140.5 | NM A8
37 | g19uen (Michelin tire 18) 60 45 50 155 | NM A8
38 | nifeth (Radiator) 60 | 45 | 38 | 143 | NMAS
39 | fifadin (Child seat) 55 | 605 | 405 | 156 | NMAS
40 | dfuedes (Motor oil) 70 65 45 180 | NM A8
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WiudsmaansueIn1sRliunmnegsia lnemsussandngefnidvinmsiunsanidunisass

2. ATelivszgndudnnisnisininisidesvesnimmeinsaiidiugae
Tumsneusumsdsdedudn

3. anAfeididunslasideyanmsueuilutamgainieu 2565 - gaiau 2566
u1A1An13aiA1dateAud daeTusunsy Microsoft excel uazléinafinnisnensal
Tne33enadsndauiiognadne (Simple Moving Average: SMA) udu 1 Tu 3 wiafiavedds
Uul#i3eu (Smoothing Forecast) n1sld33n silimang fudayaiifidnsazuuuduuiliy
wazlaifiuualify ggniandemnnisalidunvuduitlienanianisaild wazuuuunud
Wasuuasegaaona Inennassidandananietoyalml asthadunmvidodeyalmidy
']'ﬁﬂ’ﬁ’alsmﬂ??ﬂm%LV]ﬂIUIagqmﬁ']ﬁﬂiﬁﬁJ mﬁﬁwmé’aﬁwﬁgﬁwmﬂ
Ui 16 atuil 2 n3ngIA - Sunew 2566



Industrial Technology Lampang Rajabhat University Journal 17

LuuFuaunmsnensal 180 2 ldlagnianyszendldlunuide fe A adendou
wuual9UdIndn (Weighted Moving Average) kazisusulssunuudndlniuuidoa
(Exponential Smoothing) $18a¢,88n SN IFeSUIEHB UL

ad = a = ' . .

IVANRAYLAADUNDYT9918 (Simple Moving Average)

TBanadandoundunmsnensalteyalusuanandeyansen1dunnaian 31uau 1
A1 neliuminvesdeyawiniu deldmnusdiuiumeniiaziadeaidwialaaziuen

L3 v 1 ' A 1 o v < o ! = o
wensalvesdeyalutiwiaely (a e t+1) laedn n Aldazidudniug wieduaula
Ale wiaglddayadiaus 3 FasaTuly winlddaya 3 Yaaa7 Ay Amensal AwsnAae
& 1 1 =i < v ~a o P % N ad a 4 4
\WuAmesisiand 4 \Jusiu lunsaiinmuelien n = 3 wiasSenisAeiawraouniin 3 MA
(A Moving Average of Order 3 %38 3 MA Smoother) lngvialuudisAtadsinaounilile
Muua 1 Megdnmaiadeinaediaiile uiagiden n MilianeinsallnalAgatue
[WINAge (@NAANUAAIAAFBUTIIRAATYIN T11U 1 wiladliAiauaaaAReu
Tngsausngn) agelsinu drdeyasunsunaifinziunldluniswensalAinsiipfioulny
Fuast Azl n a1 lumemsaduthumndeyasynsunafivzdnunldlunisnensal
fienpspdoulmituanis Arsezldan n as waznismianaie 12 e wseli n = 12
PEUInBvEnavemNmeeniy aasiuamATIndendeunal (Tubpond et al, 2018)

Mafuafeun = HATINVRITRYANOUNTINT LU N A3 / n
(dp + diq+ dig+ o + diper)
Mt = (1)
n
ol M, = ameinsallutisaisely
N = uuimaildlunsmendiaie
d = Aenuseinsesslugisiaidagiu

3.4 fWunRIY IR
nMs¥nsEsuaLLusIvesnIswensal Tnudad invesddel Ae AAuAaIn
Lﬂﬁaué’ugszﬂLaga (MAD) Avadedosazuaininunainiaidou (MAPE) wasA1iads
AuAATALAABUANE AR (MSE) lilov3Bnensaliimnzauuazduyulunsdnfuaudn
yduAI 10 579115 (Nananok, 2010)
1 ﬁmmmammﬁauawﬂmﬁm?a (Mean Absolute Deviation; MAD) g3

TunsAa ANy (2)
1
MAD = ;Z?:1|et| (2)

2. A1AIUAAIALARDUANRIEDILREAY (Mean Squared Error; MSE) ﬁqmﬂumi

MSE = (Z et) (3)

3. ArfevarauAaInniauduysaliade (Mean Absolute Percentage Error;

ANLIUAIAUNTN (3)

MAPE) ﬁgm{lumiﬁﬂmmﬁqammiﬁ (4)
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s

x100
dt
MAPE = ——— (4)

n

3.5 iwUaztﬁaﬂ%’umauﬁ%ﬁumsmu%’a

L2

1) Lﬂumm’amamLwaﬂﬂwmmww 5zm'mmaqummau 2565 ~ faAL
2566 @a1ulsy ﬂaUmiﬂmﬂuﬂimmwmauﬁm%’mmmmnwm 14U 40 518013
A3delasuaugInlingi19aautoyan1TuIeRasYUIAYOIFUAT Wan15AANT0IAUAY
TneysanuUsznounsianzasliminnsinsesidudituunn 120 cm. 3uld 3annsimun

YUIAYDIEUA UM TITEANGATAILIN LARINITINN 2

A15199 2 VURURIFUA B I T UM NTAIUIMANLTELI T 8UITIY

Size YUINTIU cm.
Al 1=>34
A2 35 =>51
A3 52 =>T71
Ad 72 = >81
A5 82 =>93
A6 94 = >119
AT 120 = >140
A8 141 = >220

nain1sAnianUsEIANndeIEnIuUsENoUNTS WAuinuuanugieseilyy

o

5invuInndesianiitediaan (USPS products and services, 2022) a@1115aA1u704la
AEUIAIUEINAN i’mﬁ’uLﬁmauwﬁéfﬂmﬂﬁ’uéfmﬁmaﬁam squnaqbideiy 200 cm.

1
%Q%ﬁﬂ%’]ﬂﬂ’ﬁﬂﬂﬂi@ﬂ WUNHFUALNES 10 518713 GNG]T:TN‘V] 3

A519% 3 “ﬁa%a%@LLaS“U“mWUaﬂauﬁﬂﬁI%LﬂUﬂiﬂjﬁﬂwﬂﬁﬁ%um 120 cm Fuld

a6y HoRudn nde | 817 g4 | 9w | Size
(cm.) | (em.) | (cm.) GEN
1 | Jasusn (Pump Brake) 45 42 3¢ | 121 | NMA7
2 | Mimgwsnaua (Car shock absorber) 45 41.5 35 | 121.5 | NM A7
3 | Aawwsn (Disk brake) 47 42 34 123 | NM A7
4 | #iarheu (Windscreen wiper) 50 43 44.5 | 137.5 | NM A7
5 | suen (Michelin tire 16) 55 40.5 45 | 140.5 | NM A8
6 819U (Michelin tire 17) 55 40.5 45 140.5 | NM A8
7 | e13ausn (Michelin tire 18) 60 45 50 155 | NM A8
8 | nffoth (Radiator) 60 45 38 | 143 | NMAS
9 | fitfudin (Child seat) 55 | 605 | 405 | 156 | NM A8
10 | Motor oil dhsfuades 70 65 45 180 | NM A8

NI SAUENALLEENE VNI UM INeNdsaigaUe
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2) YoyaafionduAuazUIunanisug wanwanisen 4, 5 uay 6 Wetumeinsal
A1875 Moving Average WUU 2 LADu 4 Aol Wag 6 U Aglusinsu Microsoft excel

M15197 4 ToyaafonduAuarUTiNNITUY SENIN W.8.2565 — 71.A.2566

y fidadn gadnsagun fawusn Fdaviry

WO "aan | veawne | adan | saawne | afen | sanwie | @den | saawne
N.8.-65 15 5 32 22 15 5 20 14
§5.A.-65 15 6 34 25 15 8 20 15
1.A.-66 10 7 30 25 15 11 25 17
N.N.-66 15 9 25 22 10 8 30 15
31.0.-66 12 5 30 27 15 13 30 14
L3.8.-66 12 9 35 30 15 9 35 13
N.A.-66 15 7 25 22 20 16 20 12
1.8.-66 15 8 30 28 15 11 25 13
N.A.-66 15 7 25 24 20 7 25 16
a.A.-66 10 6 30 28 15 12 25 11
N.8.-66 10 9 20 37 15 11 20 12
#.A.-66 15 9 40 34 20 12 20 12

374 159 87 356 324 190 123 295 164

M19199 5 ToyaafonFuiuarUunansug senine w.e.2565 - 7.A.2566 (#9)

3 819uan 16 g19uan 17 819uaN18 niloun
AU aden | seavie | sden | ey | afien | soawie | aden | seave
W.4.-65 80 77 80 74 80 62 15 7
§5.A.-65 85 71 85 60 85 63 15 5
1.A.-66 100 82 100 12 100 50 10 8
N.N.-66 75 74 75 12 75 65 10 10
31.0.-66 100 85 100 77 100 95 10
L3.8.-66 80 76 80 74 80 76 10
N.A.-66 90 74 90 83 90 85 15 14
1.4.-66 85 73 85 66 85 77 15 2
N.A.-66 90 71 90 70 90 84 20
da.A.-66 100 87 100 12 100 93 10 8
N.8.-66 100 79 100 76 100 90 10 10
$.A.-66 120 85 120 75 120 87 15 13
374 1,105 934 1,105 871 1,105 927 155 97
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M1519% 6 ToyaafonFUAUATUIIIUNTVIY TENIN N.8.2565 — 7.A.2566

- Juwusn vsiuletes
LU - =
sinan ganuy BIBI ganuy

W.8.-65 15 5 50 45
5.A.-65 15 8 60 53
11.A.-66 15 11 55 50
N.N.-66 10 8 50 48
11.n.-66 15 12 60 50
131.8.-66 15 7 65 60
N.A.-66 20 16 50 45
1.6.-66 20 10 45 40
n.A.-66 25 8 45 39
a.n.-66 15 12 a5 a1
N.8.-66 15 13 70 52
§1.A.-66 20 11 70 a9

37U 200 121 665 572

4. Nan1538
HANINEINTAINGUAIDE19FUAINT 10 $1871T VoLEIUUTENDUNTNTYUIA 120 cm

July Tngltmatinnisnensallivdigan Aae3s Moving Average 2 Wfiou 4 \iiau Wag 6 lheu
AATITALALLANINITLANLAS AILEAINANITNEINTAINITIN 7

A1519% 7 LanasneganangInsalueantasn (Child seat)
UWAN W.8.2565 — 71.A.2566

U Moving Average Moving Average Moving Average
2 oy 4 \hiau 6 \hou

W.8.65 * * *
5.A.65 * * *
4.A.66 55 * *
N.N.66 6.5 * *
11.0.66 8 6.75 *
13.8.66 7 6.75 *
W.A.66 7 75 6.83
1.8.66 8 7.5 7.17
N.A.66 75 7.25 7.50
#.0.66 7.5 7.75 7.50
N.8.66 6.5 7 7.00
$.0.66 75 75 7.67

394 71 58 a4
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4.1 YupputazIsnsaiiun1suiAIweInsal Aelusunsy Microsoft excel
1) fvEg1an1smAmeInTal Simple moving average MIAAN 2 Loy

asfnenuanensdid

Page Layout Formulas Data Review View ACROBAT Sig
Ry o THSarsbunPSK - |16 - A A = - EPWapTet General = » [ & E3x i 2 Autosum + A p
PEE e © B I U H-aA-Bl== == EN 3 s < g Cona\ Fa%as cjl \E?en DES'ate ot | 2217 stc Find &
 Format Painter - == == BRI S - % 0 |9 3 formatting = Tabler Stylese -+ o+ o+ SO Figers Salect~
Clipboard n Font & Alignment ] Number & Styles Cells Editing
P17 M e
A B c o E F G H I J K L M N o P Q R S I 1Y)
q msfnwwnmansAsioduinasaddlaeldimaianiswensal
2 A STUDY GUIDELINES FOR ORDERING INVENTORY USING FORECASTING TECHNIGUES.
5 simple moving average (Child seat fnuiiin) freaunaaday 2 @ou | AAiuRaIAeRDY 4 ey | danunataeAsy 6 Hou Fmmwenash
4| Wiou |USunmnivie/iu| 2 Weu | ddiu | 6oy | mad | mse | mape | mad | mse | mape | mad | mse | mape manm simple moving average 2 iitau
5 | nusd 5 : : - - - : : x : = x x fiams dmfiinuoermanesisees 2 douroumhsmimawenag
¢ onea A K B B B . B B B B B B B it 1
7| uA65 T 55 - - 150 225 ozt| = - - = - - Sunouil 1 Winnlufive swasiiaiasmamamennd Aatasit C7
5 | NA6S 9 65 = N 250 625 028 = N * - N = Sunouil 2 Thsna - swdanailges average
o | flA65 5 8 675 * 300 900| 060| L75 | 306 | 035 * * * Suaouil 3 Whanaluitdasil 85 uar Bs sndunasdaamune Enter
10| BLEES 9 7 675 - 200 ao0| 022| 225 | 506 | 025 - B = inazldd e wmensol smple moving average 2 oy funmw
11| A5 7 68 0.00 - - | 850 | 025 | 007 017| 003 | 002 il 2
12| 065 3 8 15 72 0.00 - - 050 | 025 | 006 083 069 | 010 tunouft 1 Linaluittiewasitafeansmamenasi Ratesi C7
13| NAES T 7.25 75 050 025| 007| 025 | oo6 | 004 050| 025 | o007 Gunuil 2 Whisna = wudanaitganiufo (B5+86)/2
12| FAES & 150 225| 025 175 | 306 | 029 150| 225 | 025 Sunnufl 3 enthunmtomny Enter
15| NU.ES 9 70 250 625 028| 200 | 400 | 022 200| ao0 | 022 inaeldd e sanensal simple moving average 2 oy funw
15| AAES 9 75 75 77 150 225 ou7| w50 | 225 | 017 13| 17 | o015 ool siaudgmieifasm e
2| 87 71 58 44 1.50 325| 021 | 131 | 225 | 018 | 106 | 15 | 014

v | Sheet1®) | vhlwdnitinGoui2 | udaeiBind1ma2idau | wAesiEviwi2ma2idan | oudes . @ ¢ [«

M om om - X 1 ece

d' aa i ¢ . . A & a
AINA 2 LARITNITUIAINEINTY Simple moving average NULAN 2 LABDU

21

AN 2 NTIAINEInTal Simple moving average 2 LU A N15UUTHW

YOAVIEAIIVDY 2 LADUNBUNTNUIVINNISNEINTUTTUR DU 19T
axa
o 1
Fupauin 1 WinaluNvesiasin1smAneInsal Ae 1999 C7

JuadUN 2 19N = LAINANAIAS AVERAGR

Junauh 3 Tinaluiges B5 way B6 anuuliing Enter aglaminanainsal Simple

moving average 2 Wau Adlunmi 3 MntiuliviwislUaudusaugavinenidesnismeamensal

Tupauil 4 iihnis SUM deyaiilaunvianun aglaanensalifesnis
aca

o9 2
JuUABUN 1 MinalUuNYeINasInIsuIAInensal Ae 1o9n C7
Fupaui 2 ina = uaINANAE ansiiufe =(B5+B2)/2

] ::1' & v v ¢ . . &
Jupauil 3 3nUulving Enter agldAmangnsal Simple moving average 2 Liau

adlunmd 4 nndulvivieluaudsfeuanvineifesnismeamensal
& =i v o D Y & I ey
Tupauil 4 iinis SUM deyaiilaunvianun aglaaneinsalinesnis
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% cut X AutoSum - p
BB Copy - v
3 Fourt R i ™ & cen- SR
Cipboard Font Aignment Humber stles Cets cating ~
sum - X « i | -AVERAGE(8S:S6) v
) ] c [ 3 F ] W ' ] x L M n_jo| ¢ ) ® s T u B
P ) oz T — : m
A STUDY GUIDELINES FOR ORDERING INVENTORY UISING FORECASTING TECHNIGUES
simple maving average (Child seat Frasn) AR TAREMAREY 2 ROV | ANTEAAMAREY 4 (Rou | AIRTEIREWARGL & (RO Trmenia
isnarsvmu] 2 dou | 4oy | ey | mad | mse [mape | mad | mse | mape | mad | mse | mape | [mwsnsimple moving swesge 2 e
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o | zm| oa . . . [Fumarsit 1 Hinluitio o itiswbosrmm s mernaad Aatoe €7
250 625|028 . [Humauil 2 Wiernm = ubaneiies average
3 AVERAGEnomber] mambar] S0 | so0| oeo 06 | o |+ . . [umet 3 Weratubdord 05 uas 86 swrdneusforminn Enter
bl 7 675 200 | aoo| oz 225 | soe | oz | - ezl wemennaol simpte moving average 2 o S
7 7 75 63 | om0 050 | 025 | oo7 017| o3 | ooz [Tovit 2
a [ 75 72 000 - 050 | 025 | o 08| 08 | om0 [Funoul 1 Winaluitdernafiroanosmena Ardesil 7
7 75 725 75 | 0@ | oz 006 | om 50| 025 | oor [Fussanit 2 Wiesann = wsudanmitgasibuo (85+861/2
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9 75 75 & 150 | 225| oar| 1s0 | 225 | oar 133 178 | 015 b g mod
a1 n s8 as 150 | 3zs| oz | 131|225 | oas |10 | 15 | 0as
< Shett () | Whulnin oA 2 wet - @ [T .

B m oo -

A 3 wansIsnsmATNensal Simple moving average AitaAn 2 WWeu (3591 1)

% cu - 3 Avtosum - 0
Pata AR B Iy : a | ¢ Find &
* Fo aint bl & Claar~ e
Copboard = Fant aigrment Humber Styes ceiis Eating -
sum X o A | =(BSeEE)2 -
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o simple moving average (Child seat FaAn) AIRTIRARTRIAREY 2 R8N | FIRTLARIAARGY 4 iAo | RImARMAREY 6 ey Frwermidi
4 Wou [WnwnrrreAu| 2 deu | ddfeu [ 6 dfou | mad | mse | mape | mad | mse [ mape | mad | mse | mape v simple moving average 2 Aoy
- . - 0 - : . 0 - : o shniuaosrrmnvos 2 @i
. . - . - il 1 1
Jf G . 12 | am| om - st 1 Linwluibessockadnnmidmanind Aot C7
. 250 625 ozm| -+ . . . - umorsit 2 Wiinm = erwfnsiigen average
[ & 615 300 | 00| o0s0| 175 | 308 | 035 . Eumoui 3 Whrnaluitosit B5 uaz B8 vunausfnamns Enter
7 &15 . 200 am| o0z 225 | 506 | 028 . (rvasld sl simple maving average 2 (i Farrm
[ 7 75 [ 68 0.00 0.50 025 007 olr| 003 ooz T 2
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65 7 10 250 625 0z 400 0 200| 400 0z irraslAd s smwen il simple moving average 2 Moy Ranw
15 7 1.50 225 olr| L 225 017 13| 178 015 | o i I remenaal
s aa 150 325 | 021 131 225 0.18 106 15 0.14
"3 o Sheetl (3) | Wodniii iaud 2 | wanodviod 1 ma 2 dion 2mazidon | wemid . @ |4 B

2N 4 LansIsNIsMIATWeINTal Simple moving average %
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o e [UBnmnvvio/u] 2 i@ou | 4 dou | 6@ | med | mse | mape | mad | mse | mape | mad | mse | mape | |smuemmndeusuysshod (MAD) vos 2 ifeu
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~ ' a ¢ o A & & P o 1A

NN 5 MsyAraIanisuaysaliede (MED) Ndein 2 weu As nsudusuiu
YBANITVIBIIIUNAUNUAINITNEINTE] 2 LHoU UUTUNDUAIL

Funaui 1 WinaluNvesuesinesnismal (MED) fs B0 F7

JUABUN 2 THNA = WaINANAIAY ABS

Junaud 3 linaluiieea B7 au C7 dufs =ABS(B7-C7) annuuliing Enter azlaan

A & o AU & 2 & Yo 1 o A v v
AaRLARBUALYTAladY (MED) daan 2 weu anndulivindeluaufsfeugavineiinesns
$11A1 (MED)

& a v o v AV v & PR P ¢ o

Tunauil 4 1in1g AVERAGR deyanlaunvianun aglirmdnainmdeuauysalade
(MED) M4L6n 2 tiausianue

3) AMIPIAIAAALARDUREIADIRAE (MSE) Mtahn 2 Loy

Asfnenusnen i

as ACROBAT
D e o= _ =2 3 AutoSum -
Paste E%:wpr:atp w B IU H-A- === clete Format :‘w éun& Find &
¢ ilter~ Select *

Clipboard Font Editing -
G M fe | =POWER(FE,2) v

A B 9 D E F G H J K L M N o P Q R S T u -
i [ETC T IR A A A finatianisweansal
z A STUDY GUIDELINES FOR ORDERING INVENTCRY USING FORECASTING TECHNIGUES
R simple moving average (Child seat fiuaian) ARAAIABNALAREY 2 B | AARTUAAIALARBY 4 (BB | AAdtuARALARRY 6 (FaU FridanruraARouRAuEBI(mes) 151 moving average 2 1ABY
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7 | u.A65 7 55 = = 150 225 021 . - . - . - Fusouil 1 Winaluildswsasdimisimmmndmennsal fataed 67
& | nnes 9 65 * * 2.50) 625] o028 * * * i * i tumauil 2 Wisina = idnaiiges POWER
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Abstract

The objective of this research was to improve the efficiency of Arabica parchment
coffee sorting using the ECRS technique and ergonomics. The study focused on the process
of sorting parchment coffee manually and investigated the working methods using a
left-right hand diagram. The aim was to find ways to standardize the working process
by applying the principles of ECRS, which include ‘eliminate’, ‘combine’, ‘rearrange’, and
‘simplify’. Additionally, the research applied ergonomic principles to improve the parchment
coffee sorting process. After studying the pre- improvement sorting process, which
consisted of 16 steps, it was found that the average time taken by workers to sort
parchment coffee was 3.54 minutes per kilogram. By implementing the principles of ECRS
and ergonomics, unnecessary movements were reduced, unnecessary steps in the process
were eliminated, a coffee bean sorting table was used, and sorting was done using both
hands. The results showed that the working process was reduced to 7 steps, and the
standard time for sorting parchment coffee by workers after the improvement was 3.06
minutes per kilogram, which is a reduction of 0.48 minutes per kilogram. This indicates a
13.6% increase in the efficiency of parchment coffee sorting.

Keywords: Coffee bean sorting, Motion and time study, ECRS, Ereonomics
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A15YUVDITAAS ABNTINATLUMADI AN AR TA1aalWilvindy 19.2 mW waznseialiin
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gagauiiu 0.04 weuwds NUsEanSamuesdndlniiiniusesay 55.81

o L

AdNAsY: Seendlnaluunmes, a15dun3d, Usvansnmaesdngluil, assaus

Abstract

The demand and installation capacity for alternative intermittent energy sources
such as photovoltaic and wind energy are increasing, but such energy sources require
a secondary power source such as a battery to maintain grid reliability and power quality.
This research aimed to develop the prototype and evaluate the performance of an organic
electrolyte redox flow battery. The redox flow battery prototype in this study was made
of aluminum endplates, a brass current collector, a graphite flow field, and a Nafion® 117
membrane coated with Vulcan carbon wusing the ultrasonic spray technique.
Anthraquinone-2-sulfonic acid (AQS) and 1,2-benzoquinone-3,5-disulfonic acid (BQDS)
were used as the anode and cathode organic electrolytes, respectively.

The results of comparing the flow rate of the parallel channel at Stage of Charge
(SOQ) at 100% showed that the flow rate of 300 ml/min had a higher voltage than the
flow rates of 400 and 500 ml/min. At 2.31V, and a flow rate of 500 ml/min, the maximum
current was 231.36 mA. Comparing the flow rate of the Serpentinel Channel SOC at 100%,
it was found that the flow rate of 500 ml/min had the highest voltage equal to 1.59 V,
and the flow rate of 400 ml/min had the highest current of 484.75 mA. The Serpentinel
Channel test, at a flow rate of 500 mU/min, had the best redox flow battery cell
performance. Due to its power value, it had the best performance of the redox flow
battery cells. With an electric power of 19.2 mW and a maximum current of 0.04 amperes,
it possessed an electric potential efficiency of 55.81%.

Keywords: Redox flow batteries, Organic matters, Voltage efficiency, Performance
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Uszunad 500 Wh/kg wagdisnauszunad $5-10/kg 30 $10-20/kWh devinlamiudavsng

¥
a = a

w99 US Department of Energy i munsialilaiiu $100/kwh viliiuameivlindiiven
naluausiauaznsidulinsiudaanasy Tul a.r. 2017 (Anurak et al., 2017) lavins

o a ¢ a a v a s a daa & 5 & a a e
aiauaginsimUssaninmussyndusuuInenduunnes niddninsladduansdunsd
@ 919 anthraquinone-2-sulfonic acid (AQS) kag1,2-benzoquinone-3,5-disulfonic acid

(BQDS) tudianlaslaviluduenluauazielnaniuainu dingUssasdiiioassyaduluy

q

Adaa & a 6

wazinUsEanS NI UAWeINIBIANNTladduansdunse Almnututuresdianiaslan
0.2 M 0.15 M 0.1 M tag 0.05 M uaziinszualnifnlddauasaieusey 0.125 A, 0.250 A,

a a v

0.375 Auag 0.5 A ka9 n153tAsIeinIUsednsandsey Ysednininuseiu uay

a 6

UszAnS nnndsy vesinenduumneinisidninsladiduasduniddnaninvessaend
LUALABS T SOC S 0.9 8¢ 0.5 wudn A SOC 0.9 Inenduunmesaunsad enseualniinle
a9am 80 mA/cm2 wazdifndsgegn 8 mw/ecm? Tnenszuauazindslniigeananasiles
SOC 9IUUALABSIANAY UBNAINE SenUIIAIruduMes Sidnlnslaridavasuiion
SOC 9993AenguLuUAmesasuLlas TngAAuuMIuYes wumaesazwlsunduiuen
SOC ves3nanduumaes Modradu 7 SOC 0.9 Snenduunmasinuduniu 0.25 levi
wasiiinduiienn SOC vesInanduunmeianas Tnefl SOC 0.5 -nenduunAesiininy

Aunu 1.8 laviy
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MATITFnssEnwkasiaudusuunaluladszuuinfundanusaendlna’
LLU@Lmaéﬁw anthraquinone-2-sulfonic acid (AQS) iag 1,2-benzoquinone-3,5-disulfonic
acid (BQDS) 1 uansiadu Tng AQS uag BODS uansdunsdilifsunsaneuyud
LAZHANTENUA DA IWINA DU LANAI991NI NS LUALADS ¥Tins uillduasie Auenain
szmevausINindulusuAnve a1 unauuATiaall ey Wy waluay
LaENaNIULAITRE Fauanslunised 1 Tngysdudnwin1sdnwgeenisinavedans
LagdnsInslaveansaedy Admanensyinuednendlnaiuunmes Tngldasounss
Werdunmdunsiaunssuunsifundsauliihluguuuuansied Wewfiununimlaiin
uAszuulwihiideusorirfuszuundsnunaunuifauliuiueu salufimsinwamnim

Iniwa Fanmansznunienudandeusns lulusuins

2. IUTLEIAYaINITIY
W BANYIYBINITINAVDIANTLALDNTINIT bNAVDIAITAIAU NAINARDNITVINIU

9930nglNaLUsLADS LA lTasBUNSE

ad a Yy ¢ o
3. ngufiingadasinandlnaluunnas

N15YUTRIIARNGINA T UMM NNV ULl AQS way BQDS aiduansdunsd
foungiivies vaulaensldduansviauriuges Flow field luvasiivihinisiiudseq

Charged wagyin15A18UsE] Discharged flauandluning 1

SourceT oad

AQSH, 1 A0S

Current collector

AN 1 BHURINSYINUBSADNG LNa ILUAMBT MiaN5uYIS e (Anurak et al, 2017)
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End plates

connector plate I

Pyrolized graphite Ha-

= LEnd plates
connector plate

. Pyrolized graphite Cl>-
MEA and - &=p

side current collector side current collector
gasket

A 2 uansduuszneuluwadiies (Thomya and Khunatom, 2020)

N199ALarA18UTEYLTaUNITNTIAUAI@UNITA 1 wazdIUINAIaUNITN 2
lnedlanauszy AQSH, Avrauazunndailu AQS uay 2H" 1ag 2H azipdeufinuie
denwulusaudyu BQDS l¢ BQDSH, waziilednuszy BQDSH, szunndaidu BQDS

way 2H* lag 2H* auimdeuiwdsdensiulusiunu AQS laans AQSH,

discharge

H,AQS e == AQS +2H ' +2¢" (1)
BQDS +2H " + 28" "5 H_BQDS 2)

charge

Aadaa < Yy oA

Snandluaiuusnasnisianinsladidu AQS way BQDS fivasasmailfndlnlien

o w

Tnefdngluinneasan 0.86V wardnszwani vinlinidswesgadmeuluaie wisnand

'
Aadaa & a ¥ A

aduunmeinddidninsladiiu AQS waz BQDS ddedfesiailigauinidnidesain

¥

Anaad tiazidudesld unaiduidudiussUijisen wazaisazals AQS uaz BQDS

Wuansdunsd ludmansenusedwinaay

o/

daulsznauiidnfvassnandinadnunnasniiansineuiduaisdunsd

v

a a o a 6" (3 i o (% a a
NIMIUSEENTAMNNSYINIUTeIInenglnainuaned nenalunisiausednsan

yo33nenglnaiiuaned douinainuszdnsninvesdndglniln (Voltage Efficiency, Ny)
LAAIDIN1TaNAIVRINGIUANE Ll Bl UAUNS W IUANE NGl Asdulsedniain

NGl feau1n1sn 3

\Y
= E (3)

n,  AeUszAVSA nvesdndlnil,

<<

AamnuA@Engluinninlaasa

by

AanuAdnglniimuvged] (E = 0.86 19ad)
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mM3AsEiaussausvasinandinaiuunnas

mMsiauvesiaendlilaiiunned szdinsindieenuioglusuvesninumuiuiy
nsznaReUsInansruaitlivembefiuiifiAeuiasenelusaendinaiuumned luniae
milli amperes per square centimeter (mA/cm?) PNMsuesaendinaiuuning’
1015031z UTEANS A1NN1IVIIUlE AnAUFNNUS SEnIeAIANA A NY L
WaYANNUILULNTZLE (1Y Characteristic Curve) fawandlunnd 3 Fauaninruduiug

syieANaedndlniuazauruindunseualnia (Linden & Reddy, 2002)

1.6
‘ Theoretical EMF or Ideal

1.4 Voltage 'l‘
12 ’T‘ Total'Loss
I Region of Activation \11

1

Polarization

4

0.8 (Reaction Rate Loss) -

Cell Voltage

Region of Ohmic Polarization Region of C ion Polarizati

0.6

(Resistance Loss) (Gas Transport Loss)

0.4

0.2

0

O dNmM SN OUNE O A A Nm TN ON® O N
o O O O 0O 0 o o o L T B B I R I B I |

Current Density (Afem”~2)

AN 3 LAAINSINLEAIANUFURUTIEWING ANUANANTAUAUAUILUUN T L

NN 3 wanaAuAeAng T wadlvesnunavanand efinszualaniniu
Famumguiuda anuduiudvesnnuiadnduazanumuntunssuanisasidudunss
guuiusnuuey uiiflesnndesdalunsiauvesaendivaiuunaes vildauaiuse
lunsvinuanas ﬁqﬁLﬁaﬂmmﬂmmqﬁﬁag fail fe

ANuaINTavesiaLs wWiATelHesnu vz snsInTAnU AT oNgs o laiileame
138771 reaction rate loss

AIINAIUNIUYDL proton exchange membrane vinlswaruausaluilusneu
#as 138071 resistance loss

mufuTuYeTuN TN LaEfaTaunsTLE Tl uaansalunsthBiEnasou
#ad 13unIn resistance Loss

naLiosndnsinmsunslunsdiians BQDS riutumaunslugiuvosinseufazen
ity BODSH, Maslvaaiumssenuvilvidiuiilunininfiseiosas iFondy
gas transport loss

= I3 a a N Y Y] & v
imaﬂ‘d‘IWmLLUG\Lmai %UVILNNLU?L!LLaﬂL‘UaEJUIﬂﬁ(ﬂ@uvL@IQﬂWWUWGUU ﬂ']fﬂ@]allﬂqﬁﬂ{]

AUTNYNFNIY aUNITOYSNYUIA wazanInIsmaneslulawnding wdsulniilaain
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[ s

Snondlnaduunmeitwinnugiseluiwaddanstiluning 1 uazainaiuduius

5E1N19ANUANNFNE LA LazAMULIBLUNSELE TN LT0UNULERIRIANINST 4 — 7

V = Ethermo- AEact - AE ohmic - AE conc (@)

Ve ussdulniihiuitsivesSnendinaiuunines

Ethermo #a usssulnimamesTulaufindvesinendlnaiuumned
AE act fie usasuliihiAnnisgadeidesannnsviu§iseed

AE ohmic #io ussfulwihinnsgapderilesanmnsilwihvesian
AE conc fio ussiulwihiiAnmsgaydeiiosnnnnsivavesansviiay

'
= o

Fauwssrulniiinnisaadsaunsamlaanaunisnas

_g0 RT Phel
Ethermo = Ethermo - nFE In < (5)
€ PH J Pel
2 2
RT RT
AE_ =- In(ig)+ In(i)
act angF angF (©)
T N
= Aeone =\ L E M5
4Eohmoc ~ ’(ASRohmic) e L @)
EO
thermo Ae wsaiulwihuinsguveswadiinwindu 0.86 V
R Aa AAIvesing (8.3144 J/mol K)
T Ao eamglfwheduedu K
ne Ao dnwvedidneseusiemsvihujisenloseunseluiana
F Ao ANASYITEY Faraday (96,500 C/mol)
P, o fa  ANUAUYREUDY BQDSH,
P Ao ANUAUERYYBY AQS
P Ao ANUAUYRYYBY BQDS

BQDS

a

4. 5 niun1538
fukuusaandlnalwunnas tasly AQS way BQDS wuansasny Tuuneinuinana

a o

Tugufl 1 - 2 endplates ¥ nuu xgiiifien dufunszua vanneanies veanisina

Y

WS AR N Ui UfATe1 25 M1510guiuns wasiuususuly Nafion® 117
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\wdouul GDL (gas diffusion electrode ) munaliadanitladnailsd duwes Pt /C 20%
Inansaisslfisen 0.3 Tadnsusonsiudufiuns 909 Pt wau Nafion 210 lulasdans
Fguuelunuazualnaadeuumuuusuiemadasanslefdnass endplates fuuin
11 cm x 11 cm wientdeslna 2 WUy Avserpentine channel (ANNAT19Y09TDY X ANEN
= 2 cm. X 2 cm. S2U¥¥19IENINTed = 0.4 mm) uag Parallel channel (AMNA9UD9DY
X AMUEN = 2.cm X 2 cm. 5¥UE1W195E1WI19909 = 0.4 mm) T9iuuLusu Nafion® 117
(W1 0.178 mm.) warldUgiAuuuy poly-tetrafluoroethylene (PTFE) Weadaninnig
Uszneuwadaumndeawlas (3/8 i7) usedalunsduiion 60 Wbfin Wensuszneuivad
aSaauysal vnmsdevie PTRE grldifledsansieiuduayosnanivad (Thomassen et al, n.d)

nsneaeslunsmdnenmuarUszdninmaessnendlnaiuunned sududead
MsAUANAILYTHY waziudsnuaulsind elildmuysmaumsonanisvaaesdignies
Tnsnseenuuuganaaeuialanuddgiduetswnn Suanaaevagilduusznousuldun
A5 9931ATIEY LUALADS (Battery Analyzer) 5u LaMantia® BA405 Battery Analyzer
THlunsuszanszualiii lunsmeuszqueanumneiagldiaios TDI Transitor Dervices®
RBL 488 100-60-400 1duindesdidnnseiindlnan (Electronic load) Yuiilélunisnnassil
.Uy Diaphragm pump @13nsnAUANAILUIAIUANT sAesRsINTIna Ti1ddlad
TiUSunasasit 0 - 500 fadanssound

Adel anfunamdnenimuesyaduuuusaendlraiuunned deinudwa
N E RIS Stage of Charge wag ﬂ‘i%LLﬂlWﬁﬂﬁiﬂUfﬁiﬁﬂLLﬁszJ‘lJizﬂjuax‘iLL‘U@Lma%‘l
fdsmansznusousaulnih uazfdlniveumne’ lnsnsvaaesiasi madieuiou
FasnsinavesEnsnaiuaouuy Sarmslvavesansazane?t 300 — 500 mUmin Wusulsiu
uagnszualuiildlunsdauazaisUszquasnunmedidudanusany UONNHNITNARDS
wilfuusmunu leun gamapiivesansazansazimunegil 25 °C aranduduaisansazane
AQS uay BQDS azfmunsgil 0.2 M uagdnsnnslvavesasazarsazimumegfl 100 ml
szuunaaeUUsEANS nnvasmmgATinarauvesds Ienududuuelng Usznoudae
gUnsalfisndu dwsunismuauiiulsiidnasenisiiay wu gunsalmuaugung

ANUTU AL Snsinisivauaznssuali wanian i 4 - 7 Fawammeaediazdeya

aAv v ° a ¢ s s =
V]l@'ﬂzu’]ln')LﬂiqgﬁﬁuiﬁﬂﬂflwL%aaﬁﬂaﬂ%ﬁwaﬁ LLURLOI DT
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(n) A (%)

AW 6 (n) TInNsinaTeEnswUU Parallel Channel () tasnsinavse@suuu Serpentine channel

Al 7 (n) wansans AQS Lazas BQDS nown15Usealuiin (1) uansans AQS uagans
BQDS ndaviin1suseqliiln
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IINNNA 7 NBUNIINAABUTATINTEAkazA8UTER b1 Wud Fve9ans AQS
Judmdesqu uwaz BQDS Wudvila wasillenaaeunisdauazaeuszqudnluaisis 2
Sudsudau lavans AQS azsuwasudiludilendy diuans BQDS azsunateiludung

WuAunanaduALAI19A

5. HAN15398

NUITeEANwINSIueSaendlnaiuunnes lneldarseoundaduaisasdu
Tnefifngusvasdifiednudasnisinauazdnsnisinavesansadiu fidwadenisvine
Lnendlviasuumnod tuaisessd

wamaamsé’mﬂizaﬂw%ﬁ 1 A1 SOC 100% fitean1slvauuy Parallel Channel uag

BMIINTLARS 9

Parallel Channel (SOC 100)

25
| | D . S S

— 20 -
= e
2 15
"
b
—
c 10
=
—
Il
€ os

0.0

0 1 2 3 4 5 6 7 8 9 10
1A (u)
—— 300 ml/min 400 ml/min 500 ml/min

AN 8 NaNSIUSUIEUSRIINISIaN SOC 100%

AINNAINA 8 WanNISUSeULTEUEMSINTSEUaT SOC 100% WUII9HMSINITLAan

300 ml/min Susarulniinunnningnsinsivad 400 wag 500 mU/min agjﬁ 2.31V

250.00

- o -
200.00 c —ia51n15 1uan300 mi/min
\ 051015 11ai1400 mi/min

150.00 \ da51n15Tuait500 mi/min

100.00 —

nszualnfin (mA)
4

50.00

0.00
0 1 2 3 4 5 6 7 8 9 10
1281 (min)

AR 9 nsinsSeuiisusasinisivia 300 400 wag 500 mU/min 7 SOC 100%
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a9 WunisiUSeuieusnsinasluan SOC 100% wul1isnsin1siva

500 mU/min finszudlihsnndigawiiu 231.36 mA

NAYDIN38AUsERNANA 1 A 71 SOC 100% Aesnsinauuy Serpentine channel

LaERIINITINARNN 9

Serpentine channel (SOC)

1.6

)

1.2
1.0 ———l—t—t—— ——
0.8
0.6
0.4
0.2
0.0
0 2 4 6 8 10

a1 (uid)

AMUGIENE (V

—4— 300 ml/min —®—400 ml/min 500 ml/min

AW 10 nansiUSeuisusnsinisiva i SOC 100%

INAINNA 10 WAAINISIUS UL BUTNIINTIMATA SOC 100% WU DRSNS LA

71 500 mU/min Sussdulaihanniigawindu 1.50v

600

— da51mM3uan300 mi/min
500

——aa51mM5Wand400 mi/min

400 N

aas115Mans00 ml/min

300

nsznalniinma)

200

100

187 (min)

AA 11 nsmluanensiseuisudnsinisivadi 300 400 way 500 ml/min A soc 100%

NAMNN 11 N 1NLEAINISHUSBUBUTNSINISbAaN 300 400 wag 500 mU/min

i soc 100% WuITsnsINsladt 400 mU/min ﬁﬂi&LﬁlWﬁ’]ﬂJ’]ﬂﬁ?j@WﬁﬁU 484.75 mA
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Discharge of Parallel Channel

-

)
o
[o+]

o
o

— .
e

——

AUAINAN
o
'S

o
o

—4+—300 ml/min
——400 mlV/min

500 ml/min

0 5 10 15 20 25 30 35 40 45
nszualudn (mA)

AN 12 LAAIANUFUNUS TENINIANUAIANG waznseualndnfonsinislua 300, 400,

500 ml/min B89n15krakuy Parallel Channel

Discharge of Parallel Channel

20 ‘
P

s _—

€ 15 /;//.

Pt _/:‘/ —+—300 ml/min

= 10 P

= -~ ——400 mUmin

® 5 _

°c A 500 mU/min

o
[

0 5 10 15 20 25 30 35 40 45
nszualuin (mA)

AN 13 WERIANUAUNUS ST A waznsewalninnnensinisiva 300, 400, 500

ml/min ¥89n15kanuu Parallel Channel

Discharge of Serpentinel Channel

08
\,
0.6 T ——

T
—4+—300 mUV/min e

V)

'

AUAIANE
o
~

——400 ml/min

500 mU/min

0 5 10 15 20 25 30 35 40 45

nszualnin (mA)

AN 14 LARIANUFUNUS TENINNANUAIFNG waznsewalninfsnsinisiua 300, 400,

500 ml/min Fasn1stranuy Serpentinel Channel
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Discharge of Serpentinel Channel

e
_

—+—300 m/min
400 mUY/min
= 500 ml/min

5 10 15 20 25 30 35 40 45
aszualnin (mA)

53

AN 15 wanspNuduRussErInamastiin waznsewaluinnnonsinisiva 300, 400, 500

ml/min feensiualuu Serpentinel Channel

INANNA 12 - 15 WAAIDY ANUAUNUS TLWINAINUA19ANY nszwaliii way

[

mdslin azsiulainfdesnisluawuy Serpentinel Channel figansinislua 500 ml/min

a s ¢ a ad I S o Yy A ) Y
eflanssnusveswadsnendlnaiuunnes Anan wsigindammdsliiliadian dauanld

Tumnsnei 1

M19197 1 wansgeanlun1sinauvessaendlilaiuunnes

Yaan1siianuy

[y

dns1n15ina ml/min
maslnihgean (mw)
ANNAANG LA (V)
nszud (MA)

UszanSnnaadngluldn

Parallel Channel Serpentinel Channel
500 500
18.8 19.2
0.47 0.48
40 40
54.65% 55.81%

6. djUunauasn1seAUTIENE

NaN1SUS B U EUBRTINTTEave9re9n15mankuu Parallel Channel 91 SOC 100%

PUITATINTEAANA 300 mU/min Jusssuludruinniidnsinisiuai 400 wag 500 ml/min

ogl 231V uarfdnsnislva 500 mUmin Snszualiiunnfigavinty 231.36 mA wan1s

Wiguifligudnsnnisiviaveseenisiranuu Serpentinel Channel 7 Stage of Charge (SOC)

fTopay 100 Wui1 8931115081 500 mU/min Jusedulndruniigaviadu 1.59V

Laz#9n3INIstran 400 mU/min dnseualwiiunfgamindu 484.75 mA
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HAYBININAFDUNUINTIYDINTINALUU Serpentinel Channel Agnnsinslua 500

daa

rflausTauzveagadsnendliilatiunmesanan wmszinlamasiiila agdaussousnis
yhuveswadInendliiaiuunmednfign diddluiindy 19.2 mw waznszudlningean
WU 0.04 wouwU$ TiuszavBnmuesdnslnivintudesay 55.81

gaen15lranuu Serpentinel Channel wunzaud aziunldluwadsnondinas
WU 3. 198158 un3 e 1l esainanudunieluwaduinnii gesnisinawuy Parallel

Channel dealiiAUsednsnnvasdndluinuazariasluinnanin snsinisiangadu

' [
a

vdwalminuisenadu inliseaniamvesdndlniuasarmdslniigs Yusgiv

YUINVDILNAIT18E15AI0U weod19lsAnudIdonsinsiuanuiniiulufazdanaliiin

ANNATUYIUVDULARTLANLNTULSYNIT gas transport Loss
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Design and Development of Water Hyacinth Rolling Machine
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Abstract

The objectives of this research were to design and develop a motorized water
hyacinth rolling machine to replace the old-style hand-cranked water hyacinth rolling
machine, and to test the efficiency of the new motorized water hyacinth rolling machine.
This research was carried out at the Ban San Bua Bok handicraft production group, Ban
Sang, Muang, Phayao. Normally, water hyacinth is rolled using a hand-cranked water
hyacinth rolling machine with a maximum production rate of 30 ¢/min which is insufficient
for demand and causes fatigue during operation. The researcher designed a new machine
that used 2 rolling mills, and evaluated its efficiency by comparing production rates
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between the old and modern style machines. The results of the study found that the
thickness of the water hyacinth after rolling using the new machine was in accordance
with the Thai Industrial Standards Institute: Water Hyacinth Product (OTOP 39/2003).
The capacity rate increased from 1.8 kg/h (old machine) to 3.0 ke/h (modern machine)
representing a 60% boost in operational efficiency. In addition, the motorized water

hyacinth rolling machine had a maximum capacity rate of 8.4 kg/h, with a highest specific

power consumption of 33.87 ke/kW+h.
Keywords: Water hyacinth rolling machine, Rolling mills, Efficiency
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