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ABSTRACT

The objectivesof this research were to study, design and development of green
coffee beansizing machine.with-oscillating” sieve-and to investigate the effects of
inclined angle and oscillating revolution speed-on the sorting efficiency. Moreover, the
sorting/ efficiency ofi green coffee ‘bean sizing machine. with oscillating sieve was
optimized=based on-inclined “angle’ and™“oscillating -speed by*Respond Surface
Methodalogy  (RSM): with central. composite design (CCD).| The results 'showed that
when increasing the inclined angle from.4.to 6 degree, the-weight purity index and the
clogging sieve percentage were decreased. Forthe size grading efficiency, it found that
the sizecgrading-efficiency was‘increased when thé inclined angle increased from 4 to
5 degreerHoweyer;the; size'.grading efficiency was, decreased when increasing the
inclined angle from(5 to 6 degree. When considering in term of oscillating revolution
speed, the.increase of, oscillating revolution speed provided the decrease of weight
purity index, size .grading efficiency. and ‘clogging sieve percentage. The correlation
between inclined angle and oscillating revelution,speed to-size grading efficiency was
full quadratic model™with=high correlation coefficient(R*> = 0.9676). The optimum
operating parameters for green coffeebean sizing machine with oscillating sieve were
inclined angle of 5.06 degree and oscillating speed of 183.28 rpm with a sorting
efficiency of 79.99%.

Keywords : Green coffee bean, Sizing machine, Sorting efficiency, Respond Surface Methodology
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AMPIULALLREY

wlsiaan 14=0.30y (2.2)
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L= AINBIENUDINBIVTIVEeVoIRnLENIUIAIRgAY (11In3)

2.10'11599NUUVINNNAADY (Nasnl, 2554)
ANTPBNLUVIBNITNAAB T (Design and-analysis of experiment ; DOE) \Juwmaila
ygadatugs MdlunasusuAannzveshssoumsiiolsnanauaes dulupiiFoanis
Tnafit obmnanius EamuLATe Y5380 kv LU T UWIA AT 4NIs AL LUNISNAGES

A aa Y] 3 a 2y %) v O
A8 'Jﬁﬂ'TSIWEJ‘Vl']\LU q]%L‘U‘Llﬂ'ﬁmﬂa@\‘]LLUUa@QNﬂa@\‘iQﬂ WiaisﬁﬂqﬁVIWa@ﬂLLUUUiUmﬂﬂﬁl

nszuIUNIsNaz Al taglinanauauo i deatanuefinednas ot dun1saullaeq
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NS InsluATIILATIZNA immmaqLﬂuﬁagammﬂ’j'F‘J%miaamLUUﬂﬁmaaa Favunouly
N150DNLUUNITNAADY T6IH
2104 nasfieulgma(Statement of the problem) #o mssgqiwaztﬁmmm

% a o o Y aw a =l & o ~ =
Aoan15v099 A wasigtansferlsanmuitednedlistytivazdoudonlosluds

N

o)

MOUTEANAYBIHANTTNARRINE

2.10.2 n5189nTady warseAUTBIUa8 (Choice of factors, levels, and ranges)
Ao n1sldndnnismanguiuazsraunisal lunisseyin Jadeledhinasiinasenisnaass
wazdlafeifumsiitnslumnaasaduegndls

2.10.3 n1staendinlsnouauss (Selection of the response variable) Ag N9

Fondudsiianunsalideyaiidutsslonflunsfinu Tasnisiaaniuasdosdianuusug,
LAZONADY
2.10.4 MI@NLUUNIINAGBY (Choice of experimental design) Ao n1sAnaUlA

NeITUIUILGIVOINTNAREY UWavAuminzanvasmaulunivaaes dellegratguuuns
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1%

naaodlutagiy wu seileguishuliineuaued (Response Surface Methodology ; RSM)
Judu
2.10.5 M1591UN15NAa8 (Performing the experiment) e N15UURRY

% IS

nannsilaeaniuull msvilinanisneaesdinnuaaiantoutasiiagn

§ Y

2.10.6 N15AATI¥VIURLA (Statistical analysis of data) Al n15l¥AIINININETRA

WNUTIATIE wazaTUNATINNIARAUANUYNABIYBITRLATIAINUY

2.10.7 msasunasazdatausiug (Conclusions and recommendations) fig 113
a 5% ay v a & v oA o v A g
Ansenteyailaoauandluguves m51e nsn waundl WWusu dnslideiaueuuy ey

Y
Y

nsUSuUTamae i liidesy

¥

2.11 sudptAsnuioneUaUDY (Response-Surface Methodology ; RSM) (&18
¥a, 2558)

WuasarsiisauseanannnsnisatnAtan shaznasadmaaldlunisadi
wuusndesuartisizidigna lasiansy aussiaultslusdfvuaisiade (iolwld
NaneUaua TNz @Man Loy ls9ugRain I5 T il ase Fesn1smsefures
QEUNQI () WazAAINeE () Tz aumie ildanan () Tngnandalunss uiunisdu

o

lafduuasszavonvgiiayaniudisalyl
y=(XX;)+e (2.7

e £ ARANLARIREARY (noise or. error)

HanDUALDA IR iie
E(y) =f(x;,x,) =1 (2.8)

1o 1 Ao WukInauaues (Response surface)

[
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drunnazuansiiuinovauesluguvreins v uwanadegui 2.38 Lun1smiuia
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n

\Expected yield E(y)

5U1.2.38 dnwaisiiurinauaued

fan - aneva, 2558

o A 1 v w6

Jawiveesz Jovisnulinevaussidfunanfonisnlinsava udunusse g

i q

(% o
v v v

NARDUAUDY (y) hassaudTdass () Fuudumouuintusuifouiziufanevauesie n1s
Usganumivang e d1vsun diiusigsliddnalieiseminmanouauss y uazyad
wUsBase x Inginidasdenlalnalidioamase (Lowsorder potynemial) luunausiinaes
fuUsdase D nanavanasas iU Ulaflesdude dudadunseiiiulsdass uan

Haftnuszunaalnaz usibuuiidsnis (First-order modeal)

Ve R BT B S TR X S (2.9)
j2 <t & o a o/ P £ a = o o & ! Y o w
aududladTundadulay 3eaodldlndlulganiaaiiaevy WWu/Manuunideans

(Second-order model)

k k
Y=Boct 2 BrX D BX] + 3 D BxiX e (2.10)
i=1 i=1 i<j

Hymwesszdovisiuionevaussiomn dulngaliifiemiodenaowoda

wuumani sauuulnalufloaszUszanaumvesmuduiudiailaiduiiniaslalad aneld
Whamunvesnulsasy wivzausalssinaaldmieuinodng wihdy

2111 tupeumsvhselouitiuineuauss (Nuran, 2007)
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[
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Tutagtullenlduaunisneassiagaiunsainuaieiuiioneuausdls 2 Wuuuky As Box-

behnken, Central composite design (CCD)

(% [N
A ada

2.11.1.2 szduresfnlsdaseiidesutsiuludy xfesnsounquituiiiiaz
¥msEnETasn

2.11.1.3 thieyavesiiuusdasy (x) fduiusiudoyavesinuusna (v) an
a$radunuusiasmadadans (Model) FaiiamnudusiugiBadunss (Linear model)
AMUAUNUSLT Interaction (Interaction model) LagAMUAURUGIT Quadratic (Quadratic
model)

2.11.1.4 Tiuuudiassusadnmansidon u1ad19nmauds wsenm

NURINDUAUDY LD WAIIETNANITNAAD

Linear effect. Y =a,+a X, +€ (2.11)
Quadratic-effect: Y =a, Fa X, ¥a, X5+ (2.12)
Interaction effect: Y=ag+a X, +a,X, +apXgX; +aj,X. £a5X, +8 (2.13)

o

safuauaIsamarmansnatna e uduaansheead

y:BO+ZBiXi +ZBiiXi2+ZZBinin+e (2.14)

i<]j

2.11.2 unnasiend-tustuay (Box-behnken design) (@haws, 2557)

Dtllmansvinagstivng dnsuliRnitadudeuiin uardadoBanunmn
Tuunensdl Tnedueg Aldsuaudade waunisnaaesdei-iusfuanunsaUssuiman
HaNIENULGaEY (Lineareffects) NanssyUnaaided (Quadratic effects) LasHansznuIaL
84 2 993 (Interaction effects)-laynaT Telluunsvinassdond-uruauiunmaassii
Uszansnmuazdeouldlunsdnwitladed 3 szau Hvuunumedydanuwal -1,0, +1)
Tnglanignsdififiosnisairsaunisanuduiué iledaduifuiaderdeusinm (Quantitative
factor) lawn Ausiy gaunnll Anandudu vian WWudu

anuwazvaLuNIsAaeslend-LusiuAY axUsznaulumenisieuruluy 26
uwinneiSua fugeAnans (Central points) ey Tnefl k Ao druruilede Tunsdl 3

998 92UINUIUNITNAADININUA 15 N1SNAAD é‘f’;a&mﬂﬁmaawﬁmé’ﬂgﬂﬁ 2.39 kagns
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PONKUULNUNTVIAaRIdand-LuuALKARIRIgURN 2.40 nanladiuaunisnaaesdend-usiu

wuaRnsaUsvInaransenulugUnansenuidsaeduasnansenusinves 2 Jaduldae

Run EY B C
1 - ]
2 - + ]
3 + ]
4 + + 0o
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8 + ] +
9 0

o in + +
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2 ] + +
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14 0 0 0
15 1] L] 0

U 2.39 fhegreinnnsnaaestand-uniuan Tunsd 3 Yade

P RIS, 2557

‘ &
_4: .. - 1
L KA
| N C

. : 0 ‘ ¥ e |
s- = M g - -

- -
‘ - 4

A
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fun - @nws, 2557

2.11.3 WHUN15NAaBe Central composite design (CCD) (3%a, 2009)
< a (9] = [} a a 1Y A (Y] a
Jusnunisneaesivangiunisnedadedausunu winidadednunin
1 Y93y Adsarunsadenlaasile wavasrssnuuludnwuzvedlnaludleanns (Second-

order or Quadratic model) #4azdimnutiangulunisldau ilviiusegavznmunn Wetan
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~ ~ ) A P P ) A ~ A A °
WisusuAULNUNITAaeswUUduY NldlunisAneidnuulnaluleadns 2 laevinnig

nAaoIf 5 LU (Honunumsdgyanuwal -Alpha, -1, 0, +1, +Alpha) f29819984¢ Central
Composite Design dmdunisanwidands 3 f fuandlflusui 2.41 wag 2.42 Faaziiild
11 DOE Usgneulufae 3 d@au e 1. Factorial points Feludididunisin 2-Level full
factorial undudrunilalunisnaass 2. Axial points 1unisusuadauuslasawdsnile

Tuvaeiinmualiadiudsdusgfiainals (M5ean 0) wag 3. Center points {uN15U5UAN
YBIMUUINNFILUAAINA1S (M3eA1 0) dmTusuil 2.15 1dendn Alpha = 1 %30 T88¥3 N
Axial point lUg Center point 181 1 FeArsanandnazimunzaulunnuion (ueasaien

NM1599NUWUUN alpha = 1 wuularface centered design)
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L /l -“ o= — L 4 cln-'-»—--o

{
é

Factorial Points Center Paints. & Central'Composite
Axial Points (Box-Wilson)
Desian

gﬂﬁ 2.41 Central composite design asel-3 U348

i 938, 2009

B A | [ ffonies |
<l 1 =1 Factoral Paint
1 L1 =1 Factorial Paint
-1 T4 =1 Facloral Poind
1 1 -1 Factorial iFount
~ -1 1 Faeiorial Foint
1 <A 1 Factorial Paint
-1 1 1 Facioral Paint
1 1 1 Faciorial Paint
-1 I:I- [1] ) Axdial Point
1 [u] a Aodial Point
o =1 a Aodal Point
o 1 a Audal Point
o 4] -1 Axdal Point
o u] 1 Aodial Point
o a a Cenlar Faint
o 0 [1] Center Point

Ul 2.42 msiiudeyaves CCD nsdl 3 Uad fien Alpha = 1

i : 959, 2009
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2.12 uRengIdes
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| o A &
JrezevatduasiaLzaufa 49 luasou
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811 75 Louips dauneufiae Wivuiadinhng udnaisgagings 2 0x20 fiadlns 817 75
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Wosldiug et inagandsldduegiviitdeninnduailvusgansamnisAnuend
A1anaddIUAYLATIVLIAEANTT 1.8 Haawn AT deelpRan usandgeusiinng
o v % Loy = 0. § ¥ al = Y] v ¥ a1 o
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aung(2558) Wian 1 smunvaluladieieddpuigiantiansdmiuguyy e
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S.D. = 0.499) waziinuienelademaluladindesfnvunadndna s niuguruneaia
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AN BIRIIATAgNIURaLArELAY aaungikazialdlunisadadmsy
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nseenuUUNIIaaesarliiEnsiuinnevaues (RsM) Tngldnnseenuuu Box - Behnken
Design (BBD) a1nwani1snaassnuinannzimuizanlunisadafiuealaeldsiiazaiy
wnueanuLduduiosar 84.5 gunnliil 28 ssmwaidua narildlunisain 15 und
wavannefiumneanlunisadafiuealasldfvazaisesdlnuaududusiedosas 65
oaumiifl 10 ssruwadea narildlunisain 20 w17 Tngannzvsnzauiumiusaszardn
Chlorogenic Acid wag Phloridzin launnnites@lauseeay 32.4 uazsesay 48.4 MuUa6U
@74 Catechin, Epicatechin, Procyanidins (B1 Wag B2) wag Glycosides ¥84 Quercitin
gnanaldnnluozdlnuuasdauannsalunisiueyyadaszaniy

Zhe et al. (2018) lg@nwTianasimmsaudmiunisuantindululediaa (BO)
NN TRTLATEUIUNS Hydrothermal Liquefaction Tnedadefifnasanisuan
hifululefeaildlunisAnmlinn quunlivfaseititae 260 2380 ssrwaidoa nadlu

N5y nsed 5 - 25 wan Usinalwivadesaisuaiunsesay 2 - 18, kardnsadiutiuna

1%
1 o v

sothdatay 9 —2tdmTumIsenkuUMRaetaEliisn ftufianoudauas (RSM) Tnld
nseanituuassliEnnans (CCD)aTaNANS AnwIwIIanNE Mlnsauluniswanl ulefiva
fio erumgiiuRe W 3048 pamiwaldua e lun 19 UFA3E7 155 wfiadunalnuaidoy
AsuBILAYoraE 117 Uas St nadenay 18 (Tuagiutiunini) Weay lfdhsnwnan
ihilulefinegeanegiisatay 38,72

Sushanta et [al. (2018) IidnsIvianTa g atednsevIunIas@snsantdn
duiiunsedeoi ingUssasAdieriunmadamsuanfiazennivseivBniw Delifuusi
dAyiinarenszuTuAsvEIAN AN AR AaTIduYesnIalelaTgesdn (HF)
Sovaz 10 20.ln8UT11nT QUM 601-.100, ssread s uaziadldlunszuIunsyedng
90-180 1Tl BaumaguUsAimngas o spishine anduiinisganuunisaaadly
Fsiuinovduas (RSM) Inglin1sesnuuuasulndani (CDAnuanInaaeHyn
anmeinzaud msunseU UM IYEI N TanLE T uivingAigeanie Amdutuyes
nsnlelnsngesiniovar 18 ThevauIAs QalAUANTE17 92 asrwaldua uaziiaildly
N3YEae 162 wril lagagvihliidranasandiufiuinsadinfufesas 78.91 daun
fimanisaiviiiudesas 78.84 matUSsulfisusyninssanisageuLay1sAIANTTalLAR

JaRanaIntesnINsauay 0.08

(%
o w

Chinyere et al. (2017) laAnwimanzimuigandnsunisuaniitdululediva

(%
a o w

nuunylasdadeninanenisuaniidululedwalaun Ysuiadiseljisen nanlu

¥ '
L =

n19viuAsednsduniueanetidy Judusudsildlunisdnen dmsunisesnuuy

AN5NAABILITITNISNURIMBUAUDY (RSM) Taeldn1seanwuumaulndnnais (CCD)
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1% 1%

NanIsAasInuItanzimunzaulunisudniifululediwasinirfunyfe
sauiiserfesar 1.25 Tnethin naniflélunisyhuiasen 40 und Sesdraniuea
sotiy 6:1 Tngaziidnsinisnaniisululefiwanse Fatty Acid Methyl Ester (FAME)
winifu$esas 96 Mnuuuaesimamsailivintuiesas 96.2

Lee et al. (2011) Lé@nwrmiansimugavdmiunisudndidfululefiva
nayslaetadefiinadenisudniniiululefeaildlunisfnuildud Shsdmuiusiues
sotsiu VAYeslfiten Usinasissisen aamaiugisennisfing dmsunisesniuy
nsnaaesarliiznisiuianeuauss (RSM) Ineldniseanuuuaoulndanais (CCD)
MNuANIINARINUIIAN sIg ALl U TIRAahTuluTeAaanaydldgeanie
Shsrdussueared i 38.67 nmiflilunisvhuitena g ilus Usnasisauiasen

Jouay 3.70 LpEUAnTn aunadyUiAsen 11587 aeAnwaduadslasnsinisuanuniu

Lulefwavrnayslagsaanitsouas 93.55
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AEALAZITANTIUNITIY

3.1 wiaansnunwuglsUadn
< Y v v ¢ v Y Y] & & 2
LuaﬂmimLLWWuﬁﬂﬁuam AMNAUNTAURUZNNWNIININYUNT B UULaAA1TN LN

ndalaiunszuiunmsdnvun lnedauusuduegn 13 % (d.b.)

JUN 3.1 winansnIunatnannsaliUgnnaen S a3

3.2 AslAsgamANA N INEYIANMABSS

iidnansnwinlisuanansaliugamun§aominuns sfnvunglagldnzunss
RSN AUEFTe Rvanuymslaprnagdnasanily 4 wunanuinnsgiuvesantuife
fyau nsRTaNITaYes Laudwanligiiiey (duiiumudnaaienngdr 7.1 dadwns) un
Ty (FusluguEnan ot Ening 7.1 89 6.3 Hadluns) T A UNLALINA19TEnINg
6.3 9 5.6 TadnTTABAAT) LazuIatan' (e ugudnatiannd 5.6 Taawns) uandns
U7l 3.2 n¥sntuiiudaasnitidesund i wuddeliiedensdnuuinveudn
arsnuvl Tnsmdnansniunvuialngfitdy (XL) agwusmedenn aualvg (L) asnusmedung
YIANas (M) agsiudaediniu uazauiaidn (S) azviufedider vismntudiudaiiviug
ué wrhumsdnruelngldasunsanamgiuanausidefivaiu gms Snaduitelildvun
Wwdnansnunfifvungniosnumnsgiu Snuazvesudnasnuiiiiunsuduandly

U 3.3



ar

o w0 sl
e 0 e~ il [0

{'

I
5 |
e
[°=T]
y R
o=,
—r
M = 500 fodaw

— 5 e R

= ——
\#u @ weagazinId - 5.00 GinAwA @j

Y

waRASAMN WARATIN LN WiAaATSN LW LAAANTN W

unAlvgnLAy (XL ualng) () AANEN (M) wWnALan (S)
JUT3.3 WidnansnuiiuslsUadwdansyia

= v < vy
3.3 1AIDIAAYUIALUAAEHITNT LLWI?‘Uﬁﬁ'\LLUUW%LLﬂi\?IﬂfﬂULLUQ%QWQ

a

wsesRnuIn@aaasn s Taruuunzwasilonfauandluzun 3.4 Useneusog

N v

UOLWasUUIA 1 k59 LuAuR1aUATSIEAREINg S lnenzunTaiuaziidnwusiduasuiy
F1NAN9 750 Daawwns 8717 1,100 Dadins 199aUnuInulIuL 5 U tngnswnse 4 suuy 19

dwsudaunenudnansniun lnsudaztuazdvunaduriiugudnansuosgneunssiiunnenaiu

a

FIgNLUNTILHYVUIALAUHUANGNAIWYINAU 7 6 5 Uag 2 audIau wiauvaillansined

Y

Ushadlassvaagansinsaielddmsuusutuvesnsunsdlen wenantusinldnsunsaudas
fuazduvsudoulddmsvanUunanudaasniunifineglugvetnzunsdlen Tudiuvesgn
muANIzlIsENaUMe YanuauAuslunislenuazsganualA IS iAen1siaeu

] [y g ! [d o v o a A = [y [
YouUse dmsunzinsatuagalunzunsmldsessudsdevunusUuaniuwanansniu
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Inclined angle control set Feeding hopper

Main frame\

Outlet for graded green Oscillating sieve

coffee bean

Frame for oscillating sieve

JUT 3.4emUszneureneiedavuinddnasniuuunsunsslontuuiug

3,4 YuAPUNTSNAADS
3.4 HASANYINANSENULBIAINALBENLAY AT A5 vlun TlgnAaaN s TaUs
YoupossnradnasnilsUaguuunz uhsdanluL s
lunisnaaesasinnsusuRdhuUsAsaintdgakazannsisevlunislen
Tngpyanaddsazldluaed 5uay 6 oam uazaiuasuildlunnglodtosanzunsadn
YUAARDTL70 1857LaY 200-5ufBUAT TunBlUN1SMREOUNS IR TN N1SELUERETS A ULH
$1u9U 2 Alandl (hazaianiie d awin vuinay.500 0 3 LalLdes Yo ude et g wauuinda
T¥8mantotogi 30 Mansusedlas 1ileawinmsiwilnaasdnzunsdleniinisdunanlu
NSARYUIN IﬂEJR]%‘VT’]ﬂ7ST\JWUL’Ja'1L%Illf;l}uLLﬁEéHEjﬂIUﬂ’]iﬁWUUWWU@Q@%LLﬂi\‘iLLG]'aS%uwﬁﬂmﬂﬂ’ju
thdeansnuivapenmeainitlnuiasuunalufanendnaisnuiitlvasengndesse
AELNTaATE B Lay UinRanRaed uiazeulvazvinAnsnaaay3 %
3.4.2 nsdnmazfivisngdins LAse iR wInElanas Nl sT AR LU UAZLASS
Tonluwuiring
MImanmsfivnzauveesosfnrnEnasnunls TR uuUAzLAS LN
Tunwvneesldsudeudsiuinneuauss (Response Surface Methodology) 1n9aelunas
wianefivunzausenislday wieustaisaunisanuduiusseninemuainSsauas
amugasevlunislendedsvansanlunisdnsuin superlunsnnaostis
3.4.2.1 9NLUULNUNIINANBY (Design of Experiment)
Tuawideiieslinisesnuuunismaasawuulssaudiunans (Central

Composite Design; CCD) laglalusunsa Minitab version18 Yadeildlunsmeassie Ay
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AALDLIVOINTUATY (4.5-5.5 84A1) warAU5250uluNTlENVDIRTLATS (175-195 59U

Y7) @N1IEN1TNRRDINLA LEAAIAIAITIN 3.1

A15199 3.1 hansanzNlaanluswnsy Minitab version18

Std Order  Run Order PtType Blocks A B
1 1 1 1 4.65 177.93
2 2 1 1 5.35 177.93
3 3 1 1 4.65 192.07
4 il 1 iy 5.35 192.07
5 5 7 1 4.50 185.00
6 6 <4 L 5.50 185.00
7 T =1 1 5.00 175.00
8 8 A 1 5.00 195.00
9 9 0 1 5.00 185.00
10 10 0 1 5.00 185.00
11 .- 0 1 5:00 185.00
12 12 0 1 5.00 185.00
13 13 0 1 5.00 185.00

e, Std OrderFodrduiiuadnasvaasduuugirRuh Order Aad1dy
n1sMAae VLR B9n15deAUURTS IReR R Replication s1udu'l At A fio Ay
anLBE9DIRELASY Wag B AoAnuslun envesnzunsg

3.002.23,A515 9139 0 D LU UR URAFOU AL (Analyze response surface
design)

Tunsimsginsoenuuuiiuioneuaueazyhn1s e hiauls
MOUAUBY Responses Latkn Usz@nsnmnisfnvuin 1ngazyinn19iAsizilumeuass Full
quadratic, Linear+ Interactions, ta Lineal+ Square Lﬁiam’;ﬁlaauiﬂﬁqmsﬂja%aﬁmmﬁmﬁué
Tufimmala wasmnzanfiaziunaseituionevauomiselsl

3.4.2.3 fulnoudusuaran vz aLveansldam
11Us2AnSnmn5FAvLIA (Size erading efficiency) Aldundinszi

manmMeuuzay (Optimum) wieunsyiniswasansiiuiminevaues lnedanudunus
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1 a [y} < I o 4 a a
SYMINANUARNLDYIVDINEWNTILINAUANULS LU TN UUA L UTHU wazUsEansSnInnng
fnvuadudUsaw

° = o < vy
3.5 NIATUINEUTIAUZVOLATIARTUIAARETS NN sUAR L UURzLASslanTy
WUV
3.5.1 SegavAnugneadlun1sAnuLIg (Weight purity index)

mlean P, => PW, (3.1)

lng#l P, = Sesazarigniedumsdnvuin(yesious)

P, = tANEINUNHAAAMSTIUS VTN 990 YRIMN900NYBUNTA |

W, = n1sase e dhndurealminduiusiunse i

3.5.2 Y52 Ans A 1nw8In1SAnINIR

VAl ean EW:Z( '] W (3.2)

f @ (3

Topn B, = UsgdntnmnsAnlien (Uasigus

LA

P, = uAudIUve AR UIANSVIdNLN 1IN YR 10BN TBANTA |

G, [ =8nsmiluasanieInanasaINnIzUBnIARLeN (Alansuse
i)

Q" == dn51MsmavesianiugniyIumsfauen Rlansuse
15i4)

P =

| = IAwAIuYBIN13NsEReTDLNIARna luTan Ay

=
1l

= Msnszaeilindurssiininduiusiuinge i
3.5.3 $0UaYN1IANATINTS

19N Cy = —=x100 (3.3)

e Cy = SevarmsAnnzunss (Uosidud)
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we = dmtinveaudnasmuniifanzunseinue (Alansy)

1%

wr = ninveaudeasnuninanzunssiaiun (Rlansu)

3.6 AMNSIEWAIIUINNIZ (Specific Energy Consumption; SEC)

lean SEC = Usunaundaanulnin x 3.60 + USunaumdsnuenuden  (3.4)

YSUNUNANARN (ML)

USunaunasanubniin

(3.5)

L = Yo w D - = LY 1 ¥ o Y v Y
wnanstluenansianulidmsunisidnuienisnwiringuy ldeugelviiluldusslowisunise

Lidnsdilagiadu Snvivnuiilvdnulasient wazfesdnadadadvesenasynasaninisunluly
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NALAZIASUNANISIVY

4.1 Fogazarnugnaaslun1sAnuun (Weight purity index)
%aaazmmgﬂéfaﬂuﬂﬁﬁmmmm%gumLmiwi’m 1 YaASRIFRTLINLERANS
nuwuunzwnsslenluwnreiideulunisvaaadsng LLamé'w’qgﬂﬁ 4.1 NNANITNAADY
‘wmfﬁa&Ja‘vmmaﬂﬁaﬂumiﬁmmmlmwiaz%umLmsﬂﬁmummaﬁ’u TneduidnuunnwEn
ansmuluuaLEn (Fudt @) 9g firFearaugnaeslunisAnvuIngsantunn o Foulunns

nnaee lngr1TeuarANgnRetRgluY R Toray-99.56-99.73

: \1 177/,
\ b
100
a /)
| |
3w 1 80
60 &0 (
o A
E i |
20 | 20 ‘
| } I
o 7| 0 ! - 1
Ist 3rd 2nd 3rd Ath

Weight purity index (%)

Wetght purity mdex(%a)

Qscillating sieye, Oscillating sieve. Oscillating siev
(a) 4°-170 rpm (b) 4185 rpm c) 4°:200 rpm
7777 a_| " 2
00 JI p Iy 100 ﬁ e
B SESS | 4
El | g E
N9 gl %
20 1 20 ‘ ¥
Al | d / ]
1st 2nd 3nd dth 1st 2nd 3ed Ath
Oscillating sieve Oscillating sicve Oscillating sieve
(d) 5%170 rpm (€).5%-185+pm (f) 5°-200 rpm
' nd 3rd o dh ’ Ist 2nd 3 dth ! It 2nd 3rd 4th
Oscillating si Oscillating sieve Oscillating sieve
(g) 6°-170 rpm (h) 6°-185 rpm (i) 6°-200 rpm

Means with different letters in each condition indicate significant differences (p<0.05)

JUN 4.1 SovarAugneedlun1sAnILIATDLATBIARTLIAWEARATTN WL UURL LN SSLenT]

AUAALDBIVRINTINTY 4-6 BauarAISIsaulunslen 170-200 59UADUY
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dMSURZUNTITUTN 3 (ATLNTIAAARaIINILNTLIANA1Y) F2iifoarANgNADY

lun13fnruInign IAERNIETIALAIALBEIYDINZINTY 5 kAL 6 99A1 TeA1TREALALY

[ '
= =

gnAeafimaniAUszuuTesar 63.24 lagiinTunAUaIABeIuBInguNTe 6 BIAILAY
AuFsoulumslonvenzunss 200 soudeuni Awansluguil 4.2 () uenainddanuii
ATUNTITUN 1 (zunssdndnansniuvwinling i) asirsosasaiugniesiiganingu

[

7 2 uag 3 1nglenzinIua AR eIreInTLASe 5 Wag 6 89A1 TULEAIILATDIARTUIALLAR

=

arsnunuuuazunsslenlusulvirsaiunsafnuiaudnarsniunauinluglag 13
Wiguileuiuiasesdnuuinmanasniunvaanguuitnununsnsiiuiuedwszadnf ¥
I a ) @ . . '

WULAS09ARIUIAL AR NN UAS kNS LN TMLUI817 (Commercial machine) W30
LATRIARYUIALAAIsA ML UURE NS e n T4 duasalirniosarmugnaeslunig
Anvunangenia teglanislupsua s 2 wag 3ner1sauaralamgnsedlunsAnruinves

A ) I3 . ) P K]

\ATeIAnUMIPtAnan TN U URsKASlenlEwE 1 (Commercial'machine) egniouay
57.95 k@AY 54.954310AALENAIYATRASITUN 2 kag 3 HAUAIAU UBAINNT ANWAENITNTEINY
i grIsoaasAILgnaeslunISARULIALATOIARUHIAKIARE SN AU UAZUA TN LW
8172 (Commeréial machine) il ylunanislfeI1nniuLATe4f n v A AAEIS NN LU Y

ArLNS LN luwuaga0g

4.2 Uszansnanlunisanauan (Size grading efficiency)

Use AN ANUATARUIUAN U I TUAZ LATIAN T8 A0 4LASOIARILNAIAAEIT AW
WUURE N TREATULLATN MR UIUN VRSB E 9 WaRInIFUN 4.2 WANANITNAGBINUD
(% 4:4' [ a =l o v Y % Y2
anwaurnsAsusUaalulUlnfaaReanuiuagasanugniedlen1sfntuin tnsanie
FUNZUNTINAAVUIN BN FTNTRNYLARLER. NATIABDTUNLLNTINFATUIA AAEITN LN YU
@ gj d' a a ra [ dl' a0 1
AN (T 4) gt syangnanlunisAnvunngegalumn 4 Geulunasnaaes lneiewinnii
Sovaz 80 Tunn  Reulv luvagngunzin wnlddmvuantuanaisniuauindue) azdian
Uszansamlunisanvuiawansenuil Taeiaduian1a1nssesaisiun1senuIad
LANMIAU

WalUSeutisuduLAsSeasnvulIntudnatsniunkuuazwnsatanluwule
(Commercial machine) ¥84ngukidIUN¥ATNTUIUNUB LT AITAR WUINATBIANVUIA
WanasNIHLUURzBNSlenTuwLIIIe Tinsnseaedveslseansnwlunisenvunaluue
Az dUAZLNTHUToUAUAULATIARTUIALNARA TN ILNLUUAELNSITenTulLuI812

(Commercial machine) wsianunsaluAdszansamlunisdnvuiaiaindt lnewnsesanunn
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WARASNNLUURELNTenTULUI817 (Commerdial machine) aglvaUseansnnlunis

KATUIATDINZUNTITUT 1 2 3 way 4 wihiudesay 61.43 51.28 45.79 Uay 88.55 AU

100 100

80

| 1 a
a b a
1 b g i
3 © d e fn b b
g ©
o 2 6o 2 w
s
0 o g a0 )
8 2
w 4 20 w
0 o )
st Ind  3rd  dth Ist  2nd  3rd  4th st Ind  3rd 4

Oscillating sieve

Size grading efficiency (%)
N
Size grading efficiency (%)

Oscillating sieve Oscillating sieve

(a) 4°-170 rpm (b) 4°-185 rpm (c) 4°-200 rpm

w4 2 100, - a
| {
S b L o | s
> I b b b b
2 T f 6 -
40 a0
| |
-
¢ |
2 I n
|
o l ./ 1 ,‘ " a
11 1st

2nd 3rd At nd 3rd 4th

Size arading cfficiency (%)

§ erading %)
- I -
u = ;
Size grading efficicncy (%)

Oscillating sieve Oseillating sieve Oscillating sieve

(d) 5%170: rpm (€) 5185 rpm (f) 5%200 rpm

m a
3 80 04
g b
5 N A
2 w
@ |
2 0y
&
o I

20

o g

' 2md a4

Oscillating sieve

v 4 Y [ 2
1

g b
. =
\ d

3
Ao 4
=

@ -
a

b

1su 2nd Ird 4th 1st Znd R ith

Size grading clliciency (%)
<i etticieney (%)
4 & 3 S 5
r B B o M
= -
Size grading cfficiency (%)

Oscillating sieve Ostilldting sieve

(9) 6°-170 rpm (h) 6°-185 rpm (i) 6°-200 rpm

Means with different letters in each-condition indicate significant differences (p<0.05)

JUT 4.2 Ysgansanlunisfnvnnveanissdnuuinuanansniuiuussunsaloniinany

AALDEIVBINZINTI 4-6 DaAwazAUSITauTunslen 170-200 sausauy
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4.3 ausTOUTTINYRLATEIARTLIALARF TN ILUUAZUNSTnTuLLAYI1e
4.3.1 SegavANugNALTI (Total weight purity index)
ffinnuuiavinuvenaiesiuluuvanaissinuunawdnasniunlsdad
wuuszunsslenlunrndienuaadswewzunisuazauifiseulunmslonsieg uansd

SUN 4.3 ﬁ]’]ﬂN’dﬂ’]iVI@aENWU’JI'Wﬂ’J’]ﬂJa’W]L’SENSU’ENW5LLﬂiQLLﬁ%ﬂ’J’mL%’Ji@USLUﬂ’]iﬂiJUdQNaG]IB

Y 9

v

dafianuuiavsnn Tnemnuandesresmzunsuazanuiiseulunslonfifindy azdma
Tisdamnsavisudaanas seiifosnmnuisasnuasdnsedeufisiudoniu
aaBesreasmzunarAnIEsevlunslenifiuty dwaliAnnissdufuresudnans
Nty liudeansnusenssidaslataras-duilvdudauuiavsanas devhng
Wisuiflsudviianuuiavinuildaniaiesdavuiauiaaisaunlsvaduuuazunsen
yaadamiuduiiuilusingunus (v dedruigud sauiafufosay 74.25) wuin
\nTesRuLUTBATasAar A wARE IS TAR AUuazun sy URIIN sl A fa A

USavisaungenantuyng Reulunisnegey

100 4 1 N

807 Commercial

machme

60 -

404

20

Total weight purity index (%)

E _
: g
2 e

170 REM

=
o
W

=
ny
®
w
o0l

190 RPM

0
170 REM
185 REM

=]
5!

18!

200 RPM

1
Sigve angle of 4" Sieve angle of 5 Sicye angle of 6

Rewvolution speed

Means with different letters indicate significant differences (p<0.05)

JUN 4.3 fudlnuusqvsTINTeuATOIR LU UTEUATEIRRTWIAMARA SN NS TaRuuY

nzunslenluluirieiteulumige
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4.3.2 Uszansnmsiulunisfnvune (Total size grading efficiency)

gih'?i 4.4 uanarnUsEAnSnImsa (Total size srading efficiency) TouASaIAM
AERE SN TAR L UUAZLNS TN UMNTITIAL a1 LB BT8R LN TINAT AL
soulunislenmige INRANISNAADINUIEIeANAINLE B IATLN SLALTUDIN 4 Barn
Ju 5 a1 UszanEnmsanvesnisdmvuinaziidiintu Inawfinaindesay 70.69-73.74
Hufevay 74.06-79.07 uiidlemuaniBoswosmzunsafisduain 5 10y 6 aeen Usyansam
swveIn1sAnvuIniinanasedsidedifny Tnearussansnnsivanaaiudovas 69.69-
73.22 ﬁqﬁﬁaqmﬂmmamLﬁmﬁuaqmLmiqﬁlﬂuqﬁu dawalinsiadoufivesanansnium
EuAuly fnslnadudes vilwrrilanaintumsdauendiuiy weRansanmusiseu
TunslonnuinaUssdusamsuldaundasTudnvasifefutunsiUasunlamesniiy
andesvonzinsdlon naniAea sy AN s AT ullounean Easeulumslonain
170 Ju 185 sousawil usiiofivamusasegiunisleniu 200 seuReuit muszansamw
wavanas WeramsiUssuiiitulszans musadilnaniesesauuie luanansniuls
Jaiiuunginsilonvasdauasgayun bl usipaanue (Usyansaans 1w winduiesas
60.09) WY LARBIR YUY A3 DI AR AfEs MU STER L uUR s sl ALl Y919

ananso A YsEanSa NI IAgIn I uyn g Weulunsnaaau LY

m

Commercial

machine

Total size grading efficiency (%)

=
=

170 RPM
185 RPM

10 RPM
185 RFM
170 RPFM

o
vy
o

)

g a = =

Sieve angle of4~  Sieve angle of 5 Sieve angle 0[‘6°

Revolution speed

Means with different letters indicate significant differences (p<0.05)

JUN 4.4 YszAvBnmainveansesfnuunanasniwnlsdaswuussun selentuwiiuine

ANUAIALBETBIELNSIkarANSIseuluMslonae
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4.3.3 $p8azn1sAnnzIna5 (Total Clogging sieve percentage)

Lavarn1sinazunsasniildanndesdnuinmudnarsniunlsvasuuy
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Means with different letters-indicate significant differences (p<0.05)
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A15719% 4.1 HanN1TIATIENANUTEEVIBAINAIARTUIALAYNITNARBILUUKNELNANY

Run Factor Response
Order A (Degree) B (RPM) Ew (%)
1 4.65 177.93 74.83
2 5.35 177.93 77.68
3 4.65 192.07 75.03
4 5.35 192.07 73.50
5 4.50 185.00 74.26
6 5.50 185:00 76.30
7 5.00 175.00 76.63
8 5:00 195.00 74.38
9 5.00 185.00 79.07
10 5.00 185.00 80.16
11 5.00 185:00 80.70
12 5.00 185.00 79.08
13 5.00 185.00 80.18

4.5,2 gnisivinzaduesndsidan

AN 42 LARIATIAFIVABUNAN T¥ NVATIAILUIHAINANTENUAD

AN Ve WA NINTUIRINAP-Value ise Aup i 0.05 HanasNAdauNnUdN Aawys
YOIBVENAIYAY (A, BYEMENaMIasand (A*A, B*B) Wazavienaufisenduius (A*B) didn P-
value 188n910.05 MR kU TUaUan AR MUSIAFITUA INERTENUAB AN O UALD DY

0o v = & v My & aw I ’ A A

vdfity B dunaliaunislitulisnyasduwuy Full Quadratictiafiansan A
ldauguiudeya (Lackoffia1nnanisiiasienfiudseauied1fAny P-Value o9

A ' = = Y] Y & o
ANTNAADUUAIUINAIT 0.05 GENLLa@QﬂQﬂﬁqﬂJaﬁJzﬂﬁu@Q@’JLLUUﬂU%@Hauu@JWﬂ’]@JLﬂNanM
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o a ¢ i a a Y}
A9 4.2 NMFIATIENANULUTUTIUYBIANUTLENTNINNITAAVUIA

Analysis of Variance of EW

Source DF Adj SS Adj Ms F-value P-value
Model 5 76.1022 15.2204 41.80 0.0000
Linear 2 8.6220 4.3110 11.84 0.0060
A 1 2.2102 2.2102 6.07 0.0430
B 1 6.4117 6.4117 17.61 0.0040
Square 2 62.6841 31.3421 86.07 0.0000
A*A 1 37.1890 37.1890 102.13 0.0000
B*B 1 33.6581 33.6581 92.43 0.0000
2-Way Interaction 1 47961 4.7961 13.17 0.0080
A*B 1 0:7961 4.7961 13.17 0.0080
Error 7 2.5489 0:3641
Lack=of-Fit 3 0.4209 0.1403 0:26 0.849
Pure-Error 4 2.1281 0.5320
Total 12 78.6512

R?=196.76%, Adj'R? £ 94.44%;Pred R? = 91.97%

N30 4.2 o sandidudse Anduansngiindula (R) flenviafy
96.76% FevsUan I UUT S NTLdRNIes e furaNvasfalusnouauadldL iy
at19 P-value model dAifagndnseauleddy 0.05 Tudavandafuuuiildiianang
wanzaufuyntoya A1 Adi REdigaavinu 94.44%#dladResiun RZ uazAn Pred R §
Againfu 91.97% UvsueniduuuiliTmumzaniunsisnvhussmeuauss 99

aun1snleazdunuy Full Quadratic Mawansluaunsy 4.1

Size grading efficiency (Ew) % = -2277 + 267.5 A + 18.34 B - 18.50 A*A
- 0.04399 B*B - 0.438 A*B (4.1)

We A = yuideaveanzunsalen (a1mn)

< | a
B = A5 130UTRIRZLATILEN (FOUMDUIN)
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Contour Plot of Ew vs B, A psis
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- Srisang, N.; Chanpaka, W.; Chungcharoen, T.; The performance of size grading
machine of Robusta green coffee bean using oscillating sieve with swing along width
direction, In Proceeding of the 12th TSAE International Conference & 20th TSAE
National Conference (TSAE 2019), March 13-15, Hard Rock Hotel Pattaya, Chonburi,
Thailand, 2019.

- Chungcharoeen, T.; Limmun; W.y Chanpakal, Ws; Srisang, N.; Optimization of
sorting efficiency of size grading-machine using-osciltating sieveiwith swing along width
direction,/ In" Proceeding—of ~7th “Asia’ Conference on ~Mechanical and Materials

Engineering (ACMME 2019), June 14-17,-Tokyo, Japan,2019.
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6.2.1. The performance of size grading machine of Robusta green coffee

bean using oscillating sieve with swing along width direction
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The performance of size grading machine of Robusta green coffee
bean using oscillating sieve with swing along width direction

Naruebodee Srisang!, Watcharapong Chanpaka', and Thatchapol Chungcharoen
IEngineering Department, King Mongkut’s Institute of Technology Ladkrabang. Prince of Chumphon Campus. Chumphon. Thailand

Abstract. Size grading is one of important processes for producing the Robusta green coffee bean because
it can increase the value of green coffee bean and also decrease the problem in the manufacturing process.
especially roasting process. Therefore. the objective of this work was to investigate the effects of inclined
angle and oscillating revolution speed on the performance of size grading machine of Robusta green
coffee bean using oscillating sieve with swing along width direction. The experimental result showed that
when increasing the inclined angle from 4 to 6 degree, the weight purity index and the clogging sieve
percentage were decreased. For the'size grading efficiency. it found that the size grading efficiency was
increased when the inclined angleanereased from 4 to 5 degree’Hewever.the size grading efficiency was
decreased when increasingthe inclined angle from 5 to 6 degree. When eensidering in term of oscillating
revolution speed. theancrease of oscillatingirevolution speed provided the decrease of weight purity index.
size grading effieiency and clogging sieve percentage. The appropriate condition forusing the size grading
machine of Robusta green coffee bean vsing oscillating sieve with swing along width direction is the
inclined angle of 5 degree and the.oscillating revolution speed of 185 1pm.

Keywords: Green coffee bean: Size\grading machine; Efficiency:| Weight purity index: Clogging, sieve

percentage.

1 Introduction

Coffee is_one of popular agricultwal erops which are
two most important coffee species'such as Arabica and
Robusta [1]:The Robusta coffee is the major coffee
production in Thailand. It is cultivated annually in'the
South, especially in «Chumphon! | Ranong. “Nakorn (S1
Thammarat.-Phang-Nga. and Krabi province. Generally,
coffee is internatiomally traded|as greenscoffee bean.
which is produced by either dry or wet processing. The
dry processing 'is normally usedwfor producing, the
Robusta green coffee bean: It consists of two different
operations, namely drying and hulling; Coffee cherries
were dried to the moisture contentof 13 % (w.b,). Then.
the dried coifee cherries were dehusked by a bulling
machine to produce green ‘coffee bean. Affer( hulling
operation, ‘the green coffee bean has been classified
according. to) size ‘because the green coffee .bean size
directly affected the time and temperature in the roasting
process. Furthermore, italso affects the. taste and-odor
[2]. The size of green coffee'bean i Thailand can be
divided into fowr groups namely verv large. size
(diameter = 7.1 mmy). large size (6.3 < diameter < 7).
medium size (5.6 < diameter <6.2) and small size
(diameter = 5.5) [3].

Nowadays. green coffee bean iswgraded by size
grading machine using oscillating “sieve with-swing
along length direction. This machine has™ the.low
performance because the green coffee beans were moved
in the same direction with oscillating sieve. Moreover,
the sieve cannot adjust inclined angle and results in the
slight distribution of green cotffee bean. Subsequently.
some green coffee beans are stuck on the sieve. leading
to low grading capacity. To alleviate the clogging sieve
problem, it should increase the distribution of green
cotffee bean. One of possible methods that increase the
distribution of green coffee bean can be done by size
grading machine using oscillating sieve with swing

n
Corresponding author: thatchapol ch@kmitl.ac.th

along) width direction. This oscillating sieve is
perpendiculaily moved with the.directional movement of
green coffee «bean: This would provide  the good
distribution ‘of green coffee bean and lead fo the low
clogging . ‘sieve. ) Accordingly, the” size grading
performance’ may be improved. The-objective of this
work was. therefore to.anvestigate the effects of inclined
angle fand ' oscillating., revolution “speed on the
performance of size grading machine of Robusta green
coffee. bean using’ oscillating | sieve with swing along
width | direction. The  performance of size grading
machine was considered in ferms of weight purity index.
size grading efficiency and clogging sieve percentage.

2 Materials'and Methods
2.1 Materials

Robusta ' geen coffee bean with an initial moisture
content of 13% wet basis (w.b.) was used as the sample
m this study. It was graded by sizednto four groups using
the vibrating screening with standard sieves such as very
large size (XL). large size (L), medium size (M) and
small size (S). Eachngroup was painted with different
coloras shown in Fig:'1.

2.2 Experimental Set-up

A size grading machine using oscillating sieve with
swing along width direction was used to screen the size
of Robusta green coffee bean as presented by schematic
diagram in in Fig. 2. It consisted of four oscillating
sieves (780-1.100 mm.) with difference hole sizes that is
4, 5, 6 and 7 mm. The green coffee bean was conveyed
to sieve using feeding hopper with the capacity of 5 kg.
All sieves were oscillated using a camshaft with
reciprocated stroke of 25 mm which was driven by a
1HP motor. A brush was installed on each sieve to
prevent the stuck coffee bean during oscillation. The



green coffee bean after screening size was transferred to
outlets each grade.

very large size
(XL)

large size  medivm size small size
(L) (M) (S)

Fig. 1. Robusta green coffee bean with different colot

Inclined angle gontrol set

Oscillating sieve

Qutlet for graded greea coffee bean

Fig. 2. Schematic diagram of size grading machine using
oscillating sieve with swingalong width direction

2.3 Grading experiments

500 g of each Robusta green coffee bean group was
well-mixed as a sample (total sample of 2 kg) and fed
into the grader at feed rate of 30 kg'h. The experiment
conditions were, set. at ‘inclined angles of 4-6°“and
oscillating revolutien “speeds of 170-200 rpm. The
oscillating sieve could separate the Robusta-green coffee
bean as four sizes viz., size:l (very large size. »7.1 mm).
size II (large size, 6.3 — 7 mm)ssize T (medinm size.
5.6 — 6.2 mm) and grade IV (small size, < 5.5 mm).
When no Robusta green coffee bean was observed in the
oscillating sieve, the mass of Robusta green coffee bean
from each outlet were removed and weighed for
calculating the performance of machine

2.4 Performance evaluation

The performance of size grading machine of
Robusta green coffee bean using oscillating sieve with
swing along width direction evaluated in terms of weight
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purity index. size grading efficiency and clogging sieve
percentage. The weight purity index and size grading
efficiency of machine were determined by applying the
equation proposed by Tabatabaekoloor and Hashemi [4]
as shown in Eq.1- Eq.2. respectively.

Pw = Z PgiH/i (1)
S PG, i
" on “
Where.
Py weight purity index (%)
Ew size grading efficiency (%o)
P fraction of green coffee bean size i to total
g@reen coffee bean dropping into receiving tray
size 1
Wi fraction of. green coffee bean size i at the
beginning of sizing to total green coffee bean at
the beginning of sizing
Gy outflow rate of green coffee bean size i (kg/h)
Pi fraction of size 1 tototal green coffee bean at
the-beginning-of sizing
Q feediate (kg/h)

The clogging sieve percentage was, calculated by the
follewing Fq.3:
w Cic

Cpr = § X 100 3)
Wy
Where.
Cwr clogging sieve percentage (%)
wa weight-of green-coffee bean with clogging sieve
in.all sieves (kg)
Wt total weight of green coffee-bean

2.5 Statistical analysis

These experiments were performed using a full
factorial idesign(3=3) with twe main factors (three
inclined.angles ‘and.three oscillating revolution speeds).
All experimental data were analyzed using the analysis of
variance (ANOWA). Duncan’s multiple-range tests were
used todetermine the differences between mean values at a
confidence level of 95%:

3 Results and Discussion
3.1 The weight purity index (Pw)

Table*1 shows the weight purity index (Py) of size
erading-machine using oscillating sieve with swing
along width direction at various inclined angles and
oscillating revolution speeds. The experimental result
showed that the inclined angle and oscillating revolution
speed were significantly affected the value of Py,. The
increase of inclined angle and oscillating revelution
speed provided the lower value of Py. The values of Py
were in the ranges of 76.57-94.03%. The lower value of
P was due to the movement of green coffee bean. When
increasing the inclined angle and oscillating revolution
speed. green coffee bean rapidly moved and dropped to



incorrect category. leading to lower value of Pyw. From
swveying the size grading machine of Small and
Medium Enterprises (SMEs) in Chumphon province. it
was found that the maximum Py value of size grading
machine was about 74.25%. This Py value was
acceptable for size grading and used as the standard of
weight purity index. When comparing the value of Py
between size grading machine using oscillating sieve
with swing along width direction and the size grading
machine of SMEs in Chumphon province, the size
grading machine using oscillating sieve with swing
along width direction can provide the higher Py value
than the size grading machine of SMEs in Chumphon
province in every condition. All above results confirmed
the potential of size grading machine using oscillating
sieve with swing along width direction in~term of
increase of weight purity index (Pw)'in the size grading
machine.

Table 1. The weight purity index (Pyy oftsize grading
machine using oscillating sieve with swing.aleng ‘width
direction at various gonditions.

Inclined angle 4| Oscillating revolution Weight purity
(Degree) speed mdex
(RPM) (Pw: %)

170 94.03 £ 0.24*

| 185 9291 0370
200 82.26,+/0.745

170 8843 = 0.405

3 185 86.11 = 0284
200 80.78 4 0.33%

170 86:49 +0:489

6 185 81152 0.22°
200 76.57+10.408

2 Means with'different superscripts in the same ¢olumn are
significantly different (p<0.05)

3.2 The size grading efficiency (Ew)

Table 2 shows the size grading-efficiency (Ew) of
size grading machine using escillating sieve Wwith swing
along width direction at wvasious inclined angles-and
oscillating revolution:speeds. ‘It..was found that the
oscillating revolution speed remarkably-affected the E.
value: the Ey value wasisignificantly lower when the
oscillating revolution speed was higher. The decrease of
Ey value is due to the movement of gieen coffee.bean as
already explained in the previous section Ac.similar
result was found by Preetha et al. [5] who reported that
the speed of grading affect the grading efficiency of
tomato. Abd and Magda [6] also reported that the total
grading efficiency tended to decrease slightly from 94.34
to 94.2 % when the revolving speed of riddle was
increased from 55 to 65 rpm.

Considering inclined angle, it is seen that the E
value was increased when increasing inclined angle from
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4° to 5° The Ey values were in the ranges of 70.69-
73.74% and 74.07-79.07% at inclined angles of 4° and
5°, respectively. The increase of inclined angle can
decrease the time for size grading. leading to higher size
grading efficiency. However., the Ey value was
significantly decreased when increasing inclined angle
from 5 to 6°; the E values were decreased to the ranges
of 69.69-73.22%. Although the size grading time was
decreased when increasing inclined angle from 5 to 6°
but the increase of inclined angle from 5 to 6° provided
the excess movement speed of green coffee bean,
leading to the higher incorrect category dropping. and
resulting in the decrease of size grading efficiency. This
result was similar to that reported by Gunathilake et al.
[7] who observed the evaluation of a size grading
machine for onion. They stated that the grading
efficiency was higher when increase of inclined angle
from 2 to 3% anduit was lower with increasing inclined
angle from 3 ton4® “When comparing the E, value
beriveen size grading.machine using oscillating sieve
with swing aleng width direetion and the size grading
machine of SMEs-in Chumphon province, it seem that
the size' grading machine using oscillating sieve with
swing along width direction previded the higher Eu
value-thap the size..grading machine of SMEs m
Chumphon province (60.09%) in every condition.

Table 2. The- size grading. efficiency (Ew) of size
grading, machine using oscillating- sieve with swing
along width direction at various conditions.

Inclined angle. | Oscillating revolution Size grading
(Degree) speed efficiency
(RPM) (Ew: %)

170 70.47 £0.27¢°

4 185 73.74=036%

200 70169 = 0.82f

170 75.23 £0.51°

2 185 79.07 £0.19°

200 74.07 £0.48°

190 71.99 = 0.40°

6 185 7322 £0.27¢

200 69.69 £0.392

2 Means with different superscripts in the same column are
significantly different (p<0.05)

3.3 The clogging sieve percentage (Cw)

The results for clogging sieve percentage (Cy) of
size grading machine using oscillating sieve with swing
along width direction at various inclined angles and
oscillating revolution speeds are given in Table 3. The
Cywvalue of Robusta green coffee bean which was graded
by the size grading machine of SMEs in Chumphon
province was about 28.38%. When using size grading
machine using oscillating sieve with swing along width
direction, it was found that all of the C, values were
lower than 28.38%.
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As shown in Table 3. the inclined angle and
oscillating revolution speed were significantly affected
the Cy value. The Cy values were decreased when
increasing inclined angle and oscillating revolution
speed. These results implied the size grading machine
using oscillating sieve with swing along width direction
can increase the distribution of green coffee bean.
leading to lower green coftee bean press and resulting in
the low Cy value.

Table 3. The clogging sieve percentage (Cw) of size
gradingmachine using oscillating sieve with swing along
width direction af various conditions.

Inclined angle | Oscillating revolution Clogging sieve
(Degree) speed (RPM) percentage (%)
170 18.29 =0.837
4 185 12.87 32
200 2.52"'+=0.524
170 605 = 0:88°
) 185 2.89 =0.199
200 1.96:20.09%
170 3.10+0.32¢
b 185 2.32=0.22¢
200 1.06=0.05%

€ Means-with different superscripts in ‘the same column are
significantly different (p<0.05)

4 Conclusions

The size grading machine of green coffee bean using
oscillating sieve with swing along width- direction can
improve the petformance of size grading machine. T
provided ‘the high weight~purity ‘index . (94.03%
maximum) and size “grading efficiency - (79.07%
maximum) and low clogging sieve percentage (1.06%
minimum). The appropriate-condition-for, using the size
grading ‘machine of Robusta green'coffee bean using
oscillating sieve with swing along width 'direction is the
inclined angle of 5 degree-and the oscillating revolution
speed of 185 tpm. This condition provided the weight
purity index of 86.11%, the size grading efficiency of
79.07% and clogging sieve percentage of 2.89%. These
performance values were better than the performance
values of size grading machine of SMEs in Chumphon
province. In addition. the performance of size grading
machine was decreased when increasing-eoscillating
revolution speed. When increasing the inclined angle
from 4 to 6 degree. the weight purity index and the
clogging sieve percentage were decreased. The size
grading efficiency was increased with increasing the
inclined angle from 4 to 5 degree and decreased when
increasing the inclined angle from 5 to 6 degree.
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Optimization of sorting efficiency of size grading machine
using oscillating sieve with swing along width direction
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'Engineering Department, King Mongkut’s Institute of Technology Ladkrabang,
Prince of Chumphon Campus, Chumphon, Thailand

Corresponding author’s e-mail: thatchapol.ch@kmitl.ac.th

Abstract. Grading according to the sizes is an important value adding technique for Robusta
green coffee bean. Mechanical grading can imerease the sorting efficiency and the need for
workers is decreased: Therefore. the sorting efficiency.of size grading machine was optimized
based on inelined angle and oscillating speed. The Response Surface Methodology (RSM)
combined with centralscomposite design (CCD) was applied in the optimization of the sorting
efficiency of the'machine. A quadrafic model was-suggested for the sorting efficiency of size
grading machine-The results showed that the optimum operating parameters for size grading
machine using oscillating sieve with swing along-width direction wete inclined angle of 5.06
degree-and-oscillating speed of (183.28 1pw with a-serting-efficiency of 79.99%. The high
correlation coefficient (R? = 0,9676) indicated that the-data predicted using RSM were in good
agreement with-the experimental results.

1. Introduction

Size grading 1s one of the important eperations i the production of green coffee bean because the size
directly affected the time and temperature in the roasting process [1]. -Moreover, it.also affects the
qualities (taste.and odor) and|value of green coffee bean [2]. Generally. the size of green coffee bean in
Thailand can be divided into four groups based on diameter of the individual coffee bean according to
the standard of Ministry of Agriculture and Cooperatives, Thailand |3} suchas very large, large, medium
and small: Theis diameters were as follows: the diameter of very large sizeanust be/not less than 7.1
mm; the diameter of large size must be not less than 6.3 mm andnotmore than 7.0 mm: the diameter of
mediui size must-be not less than, 5.6 num and not more than 6.2 mm and the diameter of small size
must be not more than 5.5 mm.

Nowadays, commereial size grading of green coffee bean 1s perforined by the size grading machine
using oscillating sieve with swing along length direction: This'size grading machine has the low sorting
efficiency because the'green coffee beans were moved inthe same direction with escillating sieve. This
provides the ‘slaight distribution ‘of green coffee bean and green coffee bean press. Some green coffee
beans are stuck-on-the sieve, leading to low sorting. efficiency. One of possible methods that increase
the distribution of green coffee bean can be done by using oscillating sieve with swing along width
direction. The sieve 15 perpendicularly moved with' green coffee bean. This-would provide the good
distribution of green coffeebean. leading to lower green coffeebean press and resulting in the higher
sorting etficiency. There are two mportant factors which affected the sorting efficiency of size grading
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machine using oscillating sieve with swing along width direction such as inclined angle and oscillating
speed. However, there are no reports on the optimization of the sorting efficiency which depended on
the inclined angle and oscillating speed.

Therefore, the objective of this work was to investigate the optimization of size grading factors
(inclined angle and oscillating speed) using Response Surface Methodology (RSM) for sorting
efficiency of size grading machine using oscillating sieve with swing along width direction.

2. Materials and Methods

2.1. Materials

Robusta green coffee bean without grading was purchased from Coffee Chumphon Provincial
Cooperative, Chumphon, Thailand. Its initial moisture content is 13% wet basis (w.b.). The Robusta
green coffee bean was graded by size into four groups using the vibrating screening with standard sieves
such as very large size (XL), large size (L), medium size (M) and small size (S). Each group was painted
with different color as shown in Figure 1.

very large size large size medium size small size
(XL) L) (M) )

Figure 1. Robusta greemncoffee bean wath ditferent color.

2.2, Experimental designfor-optiniization
A two-factor-two=level central composite design. (CCD) with Minitab'version 18'was used for grading
process. The input variables and their coded and uncoded values are shown.in Table 1.

Table 1. Levels of grading process variables emploved for this study-

Levels
Variable Coding Units
-1 0 1
Tnclined angle X degree 4’5 5 3
Qscillating speed Xa pm 175 185 195

The responsevariable (sotting efficiency) was fitted a seconid-ordet polynomial equation in order to
correlate the response variable to the independent variable(inclined angle‘andoscillating speed). It was
represented by a polynomial'quadratic-equation as follows [57:

Y = Botfr X BeXakBrX >t BaXe?+ Bi1aXi Xo (1)
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where Y 1s the sorting efficiency: X is the inclined angle: Xz is the oscillating speed; Po 1s the
intercept value: B1 and B2 are linear value; f121s interaction value; and 11 and P22 are quadratic
values.

2.3. Size grading process

A size grading machine using oscillating sieve with width wise swing was used to screen the size of
Robusta green coffee bean as presented by schematic diagram in in Figure 2. It consisted of four
oscillating sieves with difference hole sizes (4, 5, 6 and 7 mm). All sieves were oscillated using a
camshaft which was driven by a 1HP motor. A brush was installed on each sieve to prevent the stuck
coffee bean during oscillation. 500 g of each Robusta green coffee bean group was well-mixed as a
sample (total sample of 2 kg) and fed into the grader at feed rate of 30 kg/h. The experiment conditions
were set at inclined angles of 4-6° and oscillating revolution speeds of 170-200 rpm. The oscillating
sieve could separate the Robusta green coffee bean as four sizes viz., size I (very large size, >7.1 mm),
size II (large size, 6.3 — 7 mm), size III (medium size, 5.6 — 6.2 mm) and grade IV (small size, < 5.5
mm). When no Robusta green coffee bean was.observed in the oscillating sieve, the mass of Robusta
green coffee bean from each outlet'Wwere removed-and-weighed for calculating the sorting efficiency.

Feeding hepper.

Inclined angle“eontrol set

Oscillating sieve

Outlet for graded green coffee bean

Figure 2. Schematic diagram of size gradingmachine using oscillating sieve
with'swing along width direction.

2.4. Analysis of the saniples
The sorting efficiency was determined by the standard method reported by*Tabatabaekoloor and
Hashemi [6].:The %esorting efficiency was-calculated using Eq: (2):

2P WG,
Bgo=—— (2)
QF,
Where,
EW size grading efficiency (%)
Pgi fraction of green‘coffee bean size 1 to total'green coffee bean dropping into receiving
tray size 1

Wi fraction of green coffee bean size 1 at the beginning of sizing to total green coffee

bean at the beginning of sizing
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Gi outtlow rate of green coffee bean size i (kg/h)
Pi fraction of size 1 to total green coffee bean at the beginning of sizing
Q feed rate (kg/h)

3. Results and Discussion

3.1. Data analysis

The results obtained from all the variables (inclined angle and oscillating speed) are showed in Table 2.
The model achieved using the experiments results were designed using RSM combined with CCD
shown in Eq. (3).

Y =-2.277 +267.5X1+ 18.34X5 - 18.50X17 - 0.04399X>% - 0.438X; X2: R2=10.9676 (3)

The value of determination coefficient (R2) for the model was found to be 0.96, which indicates the
good fitness of the model. The predicted R2 was 0.9197 which also corroborates the reliability of the
model. The statistical significance of model was evaluated using the Fisher test (F test) for ANOVA
which was listed in Table 3. The-model F-value of 41.80"implies the model is statistically significant at
the 95% confidence level. Moreover, the lack of fit was.found to be significant; thus indicating
divergence of the observed value from the predicted value. In additien. the inclined angle and oscillating
speed significantly affected the sorting efficiency as’shiown in Table 3.

Table 2. The design experimentunatrix based oncentral composite design (CCD).

Runs % } anab]i{z Response, Y
1 4.65 177.93 74.83
2 3235 17793 77.68
2! 4.65 192.07 75.03
4 535 192.07 735
5 4.50 185.00 74.206
6 5.50 185.00 76.3
7 5.00 175.00 76.63
8 5.00 195.00 74.38
9 3.00 185.00 79.07
10 5.00 185.00 8016
L1 5.00 185.00 80.7
12 3.00 18500 79.08
13 5.00 185.00 80,18

Table 3. ANOVA for modelregression for sortingefficiencyof size grading machine.

Source 2 ‘_)t DF I;\-Iean F-Value Significance Level
Square Square =

Madel 76.10 5 15.22 41.80 0.000%%*
Xi 2.21 1 221 6.07 0.043%%*
X, 6.41 1 6.41 17.61 0.004%%*
XX 4.79 1 479 1317 0.008%*
X2 37.19 1 37.19 10213 0.0007%%*
X, 33.66 1 33.66 92.43 0.000%*
Residual 2.55 7 0.36

Lack of Fit 0.42 3 0.14 0.26 0.849%
Pure Error 2.13 4 0.53

Total 78.65

—_
2
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3.2. Effect of process variables
Figure 3 shows the interactions between sorting efficiency and independent variables (inclined angle

and oscillating speed). When the inclined angle and oscillating speed were increased, the sorting
efficiency was increased. However, these trends were reversed when the inclined angle and oscillating
speed reached a certain value. This could be explained that too much inclined angle and oscillating speed
would lead to excess movement speed of green coffee bean, leading to the higher incorrect category

dropping. and resulting in the decrease of size grading efficiency [7, 8].
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Figure 4. Sorting efficiency against inclined angle and oscillating speed.
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4. Conclusions

Based on data analysis with response surface method, Optimum values of 5.06 degree and 183.28 1pm
were obtained for inclined angle and oscillating speed respectively. The sorting efficiency was found to
have optimum value of 79.99% with desirability of 0.9676. The inclined angle and oscillating speed
were found to greatly affect the grading process of Robusta green coffee bean. The models obtained for
the grading process was adjudged to adequately describe the observations.

Acknowledgement
The authors express the sincere appreciation to the King Mongkut’s Institute of Technology Ladkrabang
(KREF016003) for supporting the study financially.

References

[1]  Vaast P, Bertrand B, Perriot J J, Guyot B and Genard M 2006 Fruit thinning and shade improve
bean characteristics and beverage quality of coffee (Coffea arabica 1..) under optimal
conditions J. Sci. Food Agric. 86 197-402

[2] Leroy T. Ribeyre F, Bertrand ‘B, Charmetant P. Dutour M, Montagnon C, Marraccini P and Pot
D 2006 Genetics.in coffee quality Braz. J. Plant Physiol <18 229-242

[3] The Ministry of Agriculture and Cooperatives 2009 Thai Agricultural standard: Robusta coffee
bean (TAS 5700-2009), The Roval Gazefte, Thailand

[4]  Srisang N, Chanpakal W and €hungcharoen T2019-Proc..dnt. Confo.On The 12th Thai Society
of Agricultural-Engineering International Conference. March 13-15.Choenburi. Thailand

[5] Arteaga G E, Li-Chan E; Vazquez-Arteaga M/ C and Nakai S 1994 Systematic experimental
designs for product formula optimization Trends Food Sci. Techmol. 5 243-254

[6] Tabatabaekoloor R and Hashemi J 2008 Development and Evaluationefa citrus sorting machine
with rotary semi-conical disc JAgrie. Machin.\Sci. 4.371-374

[7]/ /Preetha-P, Pandiselvai Ry Deepa J /and Varadharaju N 2016 Development and performance
evaluation-of rotary drum grader for tomato [nt. J dgrie. Environ. Biotechnol. 9 137-144

[8] | Guuathilake D M € C, Wasala W' M C B and Palipane K B 2016 Designgdevelopment and
evaluationof a size grading machine for onion Procedia Food Sei. 6°103-107



UITIUIUNIY

NTUNITAIAIIUTELNA. 2558, AUAINILH. NBIUTNITAUAITOANAILATUINTFIUNITAN
NSUNITAMIUTENEL.

N5UATINTNYAS. 2552, 1ATBIRATUIALAZINANETaIRa1TNILN. a01TuiTEInynS
AAINTIH, NTUIBINITLNYAT.

nouel Tauay, iy Fuivudy warvaulnyy Yudes 2549 1aT0eRnvUIALLSAILAY,
USgyarlinusudngnsiminssuaiansdaudin a1913913AINTIUQAAINT AY
AINTIUANENT UNINETHLNALLAEIATAIARAIUUY TN UIRNANIEN.

naudaasuliffuiudlinduaiy uardansAudununsnItalaSLNTALAT. 2557, N19LRY
UszAudatwnsuaaniu ienansiinasi-3/2557, Tssfinsfynuannsainisinuns
WitUsEImnalng 9970,

FapdiAFaneess. 2554, NuRRINAROY (Response-Surface). tana@15Usznaun1sday
AYIATTITILNUA 1 TUFBDIN QA UATTILA BAT- A5 Adeaal LAINIASST A
9MEvNIsLINENT aniduivnaluladnss sounmiamumvnsaInnseds 2554,

MY IUA-TURAZHUS WazIBIANN @UNTHY. 2559, Arswianiasiitnanzasulunisada
s silsznaunuad i wasaalauava a1ndstaelyasnuiianevauas,
Yi5as Uan 29AT-T1 20 aUuTt 39 nannIn SuanaL2559.

AdteyadIs Az AU In1R (Aaals). dlneiininadsiden1sinyns @9Rnsumw).
nui.eaulal FuAtRIN: wiww.arda.or.th. [15]figuaeu 2559]

INT9A Sanaies, au Uuanes, 3 ans wedle, 035003 Junsvuz.iazeiing wani. 2556.
N1598N UURAUILATONAN YUIANSELIBN. N1A3T1IANTTUN AT AY
AenssueEns iingsewmalulagvueessuys.

9¥0y wnaty uavauns.Madns. 2555, insawinAduszeTaAzAnIAANugnTaTu. N
UspaAnInsau AN U ssmaine AT 13 1. Tedlu 4-5 ey 2555,

95a nSwdLas. 2009. DOE mau Central composite design. Q Production,
71-74.

g8d oulad wazdvyns guiasey. 2558. nun. 1UnIFuLATEEAINITINLYAT, 315813
\AswgRansinuas U7 61/700 funas 2558,

5799 Wleuaeu wazvite duiuas. 2551, iasawinanuazaIawanaamaedlagldaanu

1 o LY v I3 A a v A '
09N, @JHEJU'JWﬂiillLVIﬂIUIﬁEJ%’ﬁ\“Iﬂ'ﬁLﬂ‘ULﬂ‘EJ'] ﬂJﬁ/i’YJ‘I/IE’J']aEJLGUENIﬁM.



81

0115 BUANAA. 2545. N15EINIAIKALNISUTTNI ANAIIUVBINDLAB T IWAINSTLAFAU.

ATINN : LDULDUAD,

9

[

W51l a36uTTA, o3NTIM Tusiau wavnsd n3SIuTIA. 2556, LATRIARIUIANEU
nsiigy. I inendemnalulaggsuns.

s¥vud finmssaned uwardedud Junsas. 2549. in3psAnrundraduNdnlanuuAzuATY
NFINTTUDNVYU. AMLIAINTINAIANT UNINYIRBVDUMAL.

5% 29dauvs. 2552, MuuANIAsgIUEUAINEAS  waanunlsUad. Usznianssnsaa
NEATUAZAVNTA! MUNTETIVUYYRNINTFIUAUANNEAT N.A. bEde Lal obb AU
WY oo 4.

(% U

Wy byedand, Unsv uanlssan wagquide 9r1919U8.2556. N1TUIENIITNUUITEY

14 [

ANNSUNNFOULAILATONLNLINS LTS NURINEUAUDY. 1,995, 1 (2): 92-102.

v
Y] Y &

Uil Asiiang, Hua dldusdioseinsd, Usrr o iuisaung, seuns Al Wavaing iy
adan. 2548 1Ase AN, 1aTennadeuazinu mAalulagnsuussununanls

Uaidwisunauinensnsydannibi.

Y

udin 9341078, 2589, 1A39I9NINAANLENNAINTSINUINEIUSS IR uasSouUsTanald.
dnmdranssunensLelsEwmalie, vautiL,

Yoz winy, Devuie a0 warasiu gilnus 2550-pasusuy jawusnaunlsdadn.

9

ANNOUIRIINTIREN ST BIRRTTINI T,
WsNdt 1nednn 2015 aaun s Coffee. dTINIMUNUATINTIRA:
HeaAnA I Ruds, Taviwd 1 vt lae vy YR 2557, N1SHAINILAIBIAALENNIN

dandeuuunwiuimiugshiaguyl MUsEgauILmMRITINg uns.ayiueen

LY

UTANGUATOYEE AL TITUATN TITANSLAEITY TUR 14716 wawnAw 2557,

wasys ugyd, 19308 15U WAzl winaldandl 2553, LATDIAALENUUIALNAAETS
nunlsUanturming 1nemallads U IpanTyues.
239U @3N uaviaduydl lEuduel. 2555, naswiAnUadefivunsauva wasesuaiade

FIIWARUUKEY. N15UTEYIYVINTVIBNUIAINTTUAAMNNT 17-19 9a1Ax 2555.

a

1535 UryaynAn, Usilaumd waendly, audeds Wiugy wazadn Svinsnugim. 2559. n159IA

Aruauiiuzandmiueisddinvtvuninlasldasnuianauauas. ns
Jszguinnsimnssuriiuuazimelulanismuaudnludfse funnd aded 3
AAITAMINTILAT0ING ANgIMINTTIAART v Ine1duvounny uil 25-26
NEAINEY 2559.

6V

a £ X 4 o = o o & Y
IINT BNANTU LAV AUAITU. 2541. A993NLLUULAIDIANING 2 Gljl,aﬂgl,ﬂ“lm ﬂEQLVlWWI.



82

o YN

NAANS uiaA, ande fufley uavetuwi madle. 2557, nseanuuuLazn1sai1LATasAn
WENVUIMLIEANTUNLYES. USyariinusudnansanavinssumanidndin a1u13v
weluladirdeana Auydmnssumans wminerdemaluladsvunadiuun,

d01ns WAy, 2557, msiinuseansnmniseanuuunsiuaudeuata Uiy
sagud. Usyrinusvdnansuiyyimnssumansumdadn a191331n01530013
NUIAINTTU NIAIVIAINTTUAFINNITUALAITIANTT UNNRINGE UINe e

a

fAauns.

(%
a v a a

duLiesh AeAndntasy wazdant wyegu. 2554. nfls‘d%'mliqanizmun'ls%ugﬂiu
ANAINNITULTRABUANMD SYTANUT. I15a0373Y1N1INTEI0ULNA N TEUATINTD,
21 (1).

auns Usveeansng. 2558, nastimuainaluladnsssdauenduinudadiaais dusu
YUY, Koch Cha Sarn J. Sci2142).

A18v8 Aauysalngt 2558, sEIUEUASNITABUANDBN. N15ITIMHULUUNITNARBS LAY 2
Experimental DesignsZ,u3uy 313145kUsand 3719.

AUIPNUNLINITIIENE YRS, 2560. N, eeulau. EUAuaNn: http//www.arda.or.th/
kasetinfoZsouth/coffes/used/index.php:

v s

Aues duabavdseianl notiuns. 2555, N1309NUULLATHAILIIATISUIALATARLEN

g A T

< (v}
LUAANUSNAYHS

9

3.-30897UNATTAGAIVNT VN IFIATIUAYNT ARSIAINTTULAE
QRAMNTTHULNYAT WNINEIGE LA,

aqﬁmmiftfﬁamiﬁmmﬁuﬁgqaéwﬁq@u. 2559, mMsfaLnsalagzinuinenune1sdan.
voulai duAuann:https:/Zhkm:hrdi.orth/knowledge/detail/ 156,

99919 F95399, 2548:10n8133MITA W, AU ITeNYaILgUNT i idouasimuinag
NUASAR MU3TINTNYAT NIENTINNURSLAYENN O

onad Inse13. 2555 A1TeRNLUVNITIARD INan15AasEHiladeiiiianswadonsidesy
Tun1331a89n52UIUNISEATUd uNadRn Ladioa. UTygyrfnusnangns
ArInssuAtansumduda @a191313AINTINGAAINAT ANEIAINTTUAIAS
WIngaemAluladsvaenasyys.

Aline, A., Acacio, A.F.Z., Danianni M.Z., Ivo, M.D., Alessandro, N., Luciana, .M., 2014.
Optimisation of the extraction of phenolic compounds from apples using

response surface methodology. Food chem. 149 (2014), 151-158.



83

Anita, V., Aleksandra, T.H., Zdravko, S., Senka, V., Zorica, D., Branimir, P., 2016.
Optimization of garlic (Allium sativum L.) vacuum drying process by
response surface methodology (RSM). J. Proc. Energy in Agri. 20 (3), 114-121.

Chinyere, B., Callistus, N., Okechukwu, D., 2017. Optimization of the methanolysis of
lard oil in the production of biodiesel with response surface methodology.
Egyptian J. Petrol. 26 (4), 1001-1011.

Das, I., Das, S.K, Bal, S., 2003. Specific energy and quality aspects of infrared (IR)
dried parboiled rice. Post Harvest Technology Centre, Department of
Agricultural and Food~Engineering, Indian«Institute of Technology, Kharagpur,
India. 721-302.

Hamidreza, C4 Mohammadreza, 0., \Barat,”G., -Mehdi, A., 2018. Optimization of
hydrodynamic_cavitation-process- of  biodiesel production by response
surface-methodology. J. Environmental Chémical Eng=6 (2),2262-2268.

Lee, H.Y,, Yunus,R., Juan, 1:CsTaufig/Yap, Y.H.,2011: Process optimization design for
jatropha-based biodiesel production using response surface methodology.
Fuel-Rroc. Technol.\92 (12), 2420-2428.

Mongkonterdmanee,-S., Boonmee, P;2010: The Specific- Energy Consumption of
Robusta Coffee Bean/!Separating. Department 'of Mechanical Engineering,
Faculty of’Engineering, ‘Rajamangala University.

Nuran, "B.;.22:0 0 7:“THE" RESPONSE SURFACE -METHODOLOGY. Department of
Mathematical Sciences Indiana-University of South Bend::58 (6); 679-683.

Polrut, B., Songwut, M., 2010.-The Specific energy consumption of robusta coffee
bean ‘separating: . Department of Mecchanical _Engineering, Faculty of
Engineering, "Rajamangala University' Phra Nakhon“Piboonsongkham Bangsue
10800, Thailand.

Ren, H., Li, T., Wan, H., 2017. Optimization of extraction condition for phytic acid
from peanut meal by response surface methodology. Resource- Efficient
Technologies. 3 (3), 226-231.

Seol, J,, Yeong, L.A.,, Reum, L.A,, Goya, C., Ho, KK., 2017. Optimization of ultrasound-
assisted extraction of glycyrrhizic acid from licorice using response surface

methodology. Integrative medicine research. 6 (4), 388-394.



84

Sushanta, K., Himanshu, M., Sudipto, C., Meikap, B.C., 2018. Application of response
surface methodology (RSM) for optimization of leaching parameters for
ash reduction from low-grade coal. Inter. J. Mining Sci. Technol.

Zhe, Z., Lasse, R., Sagib, S.T., Guanyi, C., 2018. Optimizing the conditions for
hydrothermal liquefaction of barley straw for bio-crude oil production
using response surface methodology. Science of the Total Environment. 630

(2018), 560-569.



85

e

()
L1 % b
-‘_n.a:}mn [T T

% aN\ta
agnant®

& = Yo w % - = LY | Y o o ¢ v %
nansiiiluenansnanulidmsunsldnuienisfinyvingy ldeygreliiluldussleviaunism

Lidnsallagnsau dnvivhuiilvidauwdasion uavdeseededudivedenarsynasaninisiluly



AN

86

AMARNUIN N

aguaAldTrensaniiulaseniside

NSANYT BONLUUY LLﬁ%qu’]Lﬂ%@ﬂﬁﬂ%uqmwﬁﬂa’]’iﬂ%lﬂ

The study, design and development of green coffee bean sizing machine

¥ %
s189uANNAEvelAsINIsluseu_24

WIDU

YOWINTNIATINITIVY QSUNY WA.NT. SYNA 9338

989U LU AR TUTN

U L A I L

ayUsuuszanadldarenldduasunEuiioniiidensdagiu

Wiy Aldane 394 AILUED
JuUszang ArldT9e . \ .. . -
A g 1| aadaguu | AldEe | (vRaw)
nuanAlgane 591 INIIVIIUAT i
4 : GEL DR
M91A5INIS nou %
Uty
JUANTEUNTY
ANMDULNY | 144,000.00 72,000.00 72,000.00 | 144,000.00 -
pnlzoe 263,000.00 80,540.00 169,310.00|-249,850.00 | 13,150.00
ﬂﬁ’?’dﬂ 13,000.00 50,000.00 19,349.:20-.| 69,349.20 3,650.80
37U 4380,000.00 202,540:00 260,659.20 | 463,199.20 | 16,800.80
Ui usessmautuldang
nRunlEsU INAURUNIATU(UM) e (szydu 1o )
0 1 231,600,00 28 FanAL 2560
1Al 2 231,600:00 23 WoARNEY 2561
ponide afedl 1 380.71 25 $ur1Au 2560
ponLdy A3l 2 321.52 25 Siguie 2561
ek 218.23 25 SuPu 2561
521 464,120.46 (1]

0%

AuuRunlgane (L)

999 1

202,540.00




87

0ail 2 260,659.20
T 463,199.20 2]
Swnduaavie O - @ 92126 UM
~— Ll ~ Ll
""""""""""""""""" S AR
aswuimilasainsITesunu AWNMNNNTITANTIY
1A59M13

dnl [ -dl Y o U ¥ ‘ﬂl = | g 1 Y o ¥ €Y ¥
wnanstluenansianulidmsunisidnuienisnwiringuy ldeugelviiluldusslowisunise

Lidnsallagnsau dnvivhuiilvidauwdasion uavdeseededudivedenarsynasaninisiluly



88
Us2IRUNIY

Un3deauil 1 (Famdlasan1sise)
1. 30 - wwana (nmwlve) wiesuwa Jaasy
%o - UNEANA (M©193n9 ) Mr. Thatchapol Chungcharoen
2. e UnsUsedndnusyunvy 3-9299-00061-32-9
3. mhaulazanufiegiRnsels mnelaulnsinit Insans uazluswidlddidnnsotnd (e-
mail)
a0 1dunAlUaENTEIMATAANNIITAIRNTIUL INYNIAYUNT
17/1 ».580l@70. Ui 2. 30W3 86160 Iyt 0-7750-6431 Insans 0-7750-6433

E-mailt thatehapol.ch@kmitliac.th

4. YsgImnsanen

YduSa 520U #1913 gouAne Uszine
n13ANE" Usuan
2557 Udgyeyen wiAlulaBnass1u wnvedumelulad | ey
WILIDLLNATUYS
2551 Useyeyalu ialulagnisdn wavneanemalulad | | vy
RELGENLY W3898LLNATHUYT
2546 WERTLIEIS AMAIIULNYAS PN INeauLla Ty

5. UsEaunIsalilngadasiunIsusnisemlteninisly  wagnieuenuseing lngsey
anunnlunisrian1538ea1 dugdwisnisuiunuide Fmialasenasive wiedvaddelu
LAAYNAIIUIY

Aav a o < Y
5.1 MU NVILASINAA;
® uUNIlATINITIY
1. 1999 nsiauInTRangsdlnlaglgnszuiun1tien (Development of
dark parboiled rice production by using germination process) nuﬁwm

Un3delvil neswuITuanidumalulagnszaounandinummsainnse U

J 2557-2559


mailto:thatchapol.ch@kmitl.ac.th

89

2. 1304 Lﬂ%iaﬂﬁmumLmﬁﬂmimuwLLUUMQuW%'aszUﬁmLLaﬂﬁﬂUa@uUu
(The sizing machine of green coffee bean by rotation integrated with
adulterant separation system) SUUszaUHUAY U 2560

® 913l

1. 3os inseshundeduiiownuunsynsvendmiunansaeindrevennseu
yuvu lasamifenazuinnssuiiiedieneamaluladduuvugiuiin
dinanuengnssuNIsNIsanufnw U 2558

LY [

5.2 UIUNANEIYIN:

o JmtlpsInTIdY
14809 mafaunsEun s fienaad1deninmgs nuimuidnide
newuIdedn vt nalulatnszastinandnnIsannseds U 2560-
2562
7. B0% AN MUTEAVE NNy e TB LU UYesLA TR SARRL P AR T NN
L5 UaATUUAZ N TN UUTELN A TN LR N TN TU WY A

Ysyantlauyssan 2561

a

3. 150¢ MsHanv1eNTIseslaldl el suYsEr YR I N UAMENTSUNNS

Ay IRUTEIT ULl 2562





