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Abstrach Cumrenthy, some coffee production conters shll perform classificaton mannally, which
megudnes g very lovg time,a ot of laben amd ecpensive operetional costs Therefone, the pargeses of
thie research was be design and test the pednrmance of o coffee bean dassiter that can acoelerate the
I'm:nﬁ.hlﬂ elassalyivg buiss. The elassdier used covedshind (4 ghreo main rﬂl"l\, marmidy $lae dreme, e
diovisg, e, dad devisn The ey ::u.rl'lllu.'ll.'n included dlassiier wirk cagacily, ponis sgedilic
erergy. clusificasion dsicbation and effective ness, ard efficdence. The reulls showeed dhal Hhe best
opuerartang conditions of the coffes besan chas fer win o miatonal spead of ¥100 g asad 2 15 siee
argle with a clasifier working capacity of 3827 kp'he the distnibution. of the secds metaired m the
first sieve was 56770, the seoomd siewe was 2812%, and the thard sseve was 15.11%, The effiziency of
wibditg a claselfer win fuumd at a rosting speed of 9107 nmand & sleve angleal L', This dasddics
wirs wropde i chisaen, vasy to operabe, and can sort poffee beans o theee clssifcatiores, nomey
wrnall, maiclivom, sl Large

Keywords dassifier coffer beana; efficeray; speciic anergy; sieves

1. Infraduction

Caffes Is a beverage that has a dislinctive taste and anomae, so it iz in demand by
many people throughaut the world [1.2] Coffee contairs miany Bisactive compoumsds
such as caffeime, chromogenic acid, and diterpenod alecobol, which ane benefcial bo
health [-5]. Additionally, coffes condaire macronutrients such as carbohydres, pro-
letns, fabs, and miceomutrients, such as I:FiEﬂr!L‘B.‘iI.'IL' arud dﬁr-.'.«mnﬁc:n:in: acd, as a souroe of
nirbural smticsicants [(=£],

Mlany foctors determine the qualiby amd price of coffee [%10] oo of whih iz the
uniforem scee of the diameter of the beares [ L EZE Uniformity of size net anly makes the
prociuct mare attractive o consumers bt can alse ampesee the quality nf subsegquent
prercessing [ 14 14] The smallest sead size forcds bs bum excessively when masting, while
the Largest fenass ko b undercanked which can affect B fasbe and avoma [15], Thembone,
before marketing, the coffes beans noast be graded te determing the classiBeation based on
the size of the diameter of the seeds, and the broken. moldy, o germinated seeds nust be
separated [16,17]

In gemeral, farmers, collectors, md retailers market coffer beans withmat clasaficatiom
hsanse theer hme is limited forchadifcation |15 19]. Accarding o Vgt [20], the process of
classihcation of coffer beans is sbll condectied I.'I'I.|:II'II.I|1||.:|-' in meveral cofios Frudurh.-:ln renkers,
s ik requires o very kg timie g bk of Labor ard expensive opermtiomal costs, The use of
b lalsor for classificotion alse has drowbacks, such s judgrents thal ape sulgective
and moonsistent with the object being assessed |210.22]. Cofer beans withoa high diegree of
diameter difference requime a bong classification process {780.24], Adhikar et al |25 also
explained that coffee bean classi fwes pn the marke weree gereralty enly used foe the mitial
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classifivabim pracess, o thatsembineed manual clasilication was =4ill needed at the final
stage of the classificalxm preess

Ther coffer bean clasefier, which has been widely croulating in the marked today, =
a pype of sifter [1.27], This dassifier is equipped with a blower to blow abr,. Classifica-
tat containers are fvnd, pectangular, oF tiangular [28]. The mecharsm of mevement
of the clasifier can be divided into theee brpes, ramely stationary, rotating, ansl vikrat-
ing [20]. A stationary-type classifier is generlly used to separate seeds with a diameter of
12710116 oo The rokabing bype classifier has several deves with different hole diameters
The v breating-type classd fier B mechdncally drisven from ebectrical enengy o the framie,
which then prooeetls b the siese secton 50,51

The effect of 2 wellworking clissifier s o prodoce a coffer bean stee distributiem that
s clage be the distribution chiained manuatby [33]. According te Chanpaka ot al. [35], the
effectiveness of dassifiers tends fo be kever at high capacities, so it 3 necesary to choose
the v bationy syl of thee drivieg foeoe, and the sifling angle, to prodhece high work capacity
and umnifoerm guality of resulis

Several researchers have previoud y implemented a coffes bean classifier using the
pretnciple aff yribratidn ::l-clirul.r':. coffer heans |14, 3], Hoeever, thise classifiers art,gpru:rr.dl:r'
nak ergonoaric because the design d ves not fit the dimersions of the warker's bod y sies
Therefvre, it is necessary bo research the design and perfermance lesting of the caffee bean
classifier. The purposs of this research is to develop designs and test the perdformance of
& coffee bean classtier thatcan acoelerate the process of classilyving beans, The meubis of
this study amne expected 1o be wmed as information and eperational guidelines for coffise
processing to chkain pimal quality codfes clssifeaton

1 Maferiale and Methnds
I dokeral sud Toods

The material used was dred Eobusta coffer beans abtained frism farmers in Tanjung,
Rorth Lismibank Regency. Wost Nusa Tenggara Prowinee, Iedamasta. These skinlese caffoo
beans have a maoisture condent bebween 12 and 15% and & diamieber ranging from 4 o & mm
Thie equipment used was a modified fat-type coffee bean clasilier {Figune 1), tochameter,
and analytical scales
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Flgure 1. Design Layvat |4 and (Bl beans coffes classfier
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Chatput bopper
Classificalion chamber
:"Iurpl.ur

Electric mobar drive
Pulbey

Wobalt

It classifer hacd three main parts, namely the frone, doving foree, and sieves
{Figure 1), The engme frame was made of angle mon with & siee of 04 % 00 mm and a
thickniess if 1LY . The frame had o I'h:~1|:!,31.|: of 1300 pum, & 1|1"|'lE_'l'I. af PIHY mim, & widith isf
29 mm, ond o width of 700 mam below, The sieve andts wens recbamggular with bength, width,
and thickmess of eech it being 440, 2590, and 30 mm, pespectivedy, The sieve wall wes
e of 30 moms thack wisd . and esch corner was conrectied with a 30 mm aluminum plate.
Mo first, secomd, and third sieve sach had a diameter of 7.5 63, and 5 5 mm, respectively

The driving force to vibrabe the sieves component was a8 | HP electric mistor. The
poaver transmission system rom the drivirg force fo fhe clasification engine shaft used
a pulbey and V-belt system. The power transmission sysbem from the pulley to the seve
shaft creabed vibratiom using a direct pover ransmission system,

W Gl R

W

11 Resvarch Procedurn

I.'I'u'l-::J:u.‘I}' was condicksd with hvis Eypras of Ereabmaent variations, I1:|I.T||?|._'_-' ther riviabinmal
spood of the driving fsece and the sicve angle. The rotational spoed af the driving force
comaists of 3 levels, namely YLOF, 65,88, and 31,41 rpm. Variokione in the rotatioal speed
af this driving power are genetated by negulating the input pover of the electric motor
using a repulsbar Meanwhile, the slope of the seve angle consists of three ey els, namely
HE U3 and 1&°, The vanation of the tilt angle was abtined by adjusting the position of
thee tee ends of the sieve. Each trestment wies repeated three imes. For contml, coffee
beams wen: marually classified, The runber of samples ineach experiment was 3 kg, Each
exporiment was repealod 3 times The diameter of the coffos boane measured was the
averdage dinmeher moan wpright positon based om the mlleawce of die eorh's gravicy

L3 Researow Parsewgtyrs

(i parameters e el inchsded classtier work capacity, poweT, specific sreTiy,
classificativm digtribation, classification efect veness, and clasifier pfbcemeoy, Thaem: ans
bweo types of engine working capacity, namely theoretical and actual The thecrebical
capacity was caboulabed by the squatione

Mep = &1 gn {1}

when Mip = I:'I:rm'ifi-urcnpml‘_r'nl:themﬂic l:ll._-_t:,-"l'll-, V¥ = valume dasstficntion 1:rr'r'i',.p = boatrs
densities -|'I|-:-;;_."|.'n""|-,u = olatioral speed of the driving force frpmh
e ctuaal capaciiy was caloubated by the eguiation

lll
Mc, = '—I—"‘ (2

whiete Mry = classifier caparity of numl{kﬂ.-'h;l. W = seeds 1.'.r|=-1@|'|l:u:|:|.|. and ¢ = bime Thi
Pasarer weiae cabeubated by the squation:

ZTm
P ol 3
i 2

whiere P = Powver (W) o = barque moment {Bmp, n = robonal speed of the diving

Foree -:q:rm]
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Clas=ificakion specific erergy consamption was caboulabad by the g uativn

[y
CERC = — i
M )

whepe GSEC = Ulasification specific ety conampbion (k] kgl 7 = Power (W),
Mry = classifier capacity of actual (kg /h)
The distribution of classification results was caleulated by the equaticon:

L5
Dit = . % 100% "
At 1=

whers s = classification distribution e, Gs = clsification. seve (kgh, S = todel oatenal (kg
Thae effectbvemess of dessiflcation was caleulatod by the sguatin:

M
T el &

T Mug &)
w e re EI. = iffec i veres [P, Mop = clasmfier o msification (kgl, manual classification (kgh

Thee efiiciency of the chusifier was caloalabed by compering Beortcal capacily with
actial capacily, or with the equation |34

My
L .i'r'||.'_,||

17

where i = clasibier eHiciency ], Mo = clasitier capacity of theemetic (kg /h) Moy = clas-
sifier |::||.'-|:||:i|:l.r of achual (kg bl

X4 Disla Analysis

The data were analyzed using regnession equabions fo determine the relatiomship
B b Hhie rotabional speed of the drving koece and the ang ke of shives as indeperdent
vanables am the working capacity of the classiber; power, specific energy, distribution of
classtfication results, classificabinn effectiveress., and eEiciency as the dc-pendmt wvariablea
The closeneas of the elationship was indicated by the cocfficient of determination (BRI
A high B walue means that ihere s a close elationshkp between e inde pendent and
dependent variables,

&, Results and Discussion
At Classifer Wirking Caparity

T resulis shoswed that coffes beans that fell from the lopper o the fler were
separated based on the diameter of the beans. Weth a sifting anggle of 107, and with the
classifior ms-rlu:mﬁ capaciby at rotary :Pm'd; of 41 07, AR5, amd 31 41 ey, Hhe ras s o
thir actuaal capaciby best weore 1551, Mpl, and 2155 Icg,."h. rﬁ-p.:chh.'l}' I;F|.|_:|;||.'n:' 2. For a
aifking angle of 137, the classificr working capacity at the ratational speeds of the driving
Tonce of 9107, 6558, and 3141 rpm gave resullsof 5722, 2820 snd 27345 kg /h, respedively.
A for the sifting argle of 167, and the classifier working capacity at the: mtabonal speeds
af the driving force of F1A7, 65388, and 3841 rpm, the resulbis were 38 27, 2986, and
1557 kg, respectively.

[ liviear pepgression aguakion of the plationship bebween the ntatiomal speed of the
driving force and the sifting angle of the classi fler working capacity ie shedwn in Table |
Thee expankicon opplics o the driving fonce rotabion range beteeen 3141 & 9107 rpm. Based
o e consideration of the vomlor] kevel of the engive e maximam driving faroe rofation
that could be used was 9107 rpm.
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& Sigving angle of 107
& Sieving angle of 137
& Sieving angle of 167

ol

ETER =

X

Classifier working capacity
tkg/h)

34l 65.ER 91.07
The rotation spesd of the driving fores { o)

Figuie 2. Rdatlceship bevaeen e sl g asgde anid the rolatkmad spead of the driving fonoe on e
clasaifier working capmcty,

Tabie 1. The linear regresdon igaation af the reatiosship between she rotational speed of the driving
Erew anid thae s dangzhe of the ¢lesiber working iy,

e Cowfficient of

Mo 5i Anghe Lin E ] Ik B

* les ar e Eamitn Dretermiinatiom 8%
1 10 W= BAI6x 4 14693 05432
2 1% v BHESSw 4 15753 (G el |
3 187 V= A 19RS = 4+ 18030 [ =B

Bl v leisadivs capacity g B ) dd v = e ot spoed of dwe desving doe frgan

he classifier working capacity was largely determmined by the rotatomal speed of the
driving forve andd the sieve angeie. The greater the sieve angle ard rodational speesd of the
driving boree, the higher the clasitier working capaciby (FHgare 7). Conversely, the smaller
the deve angle and rotational speed of the driving foree, this lower the classifier working
copacity, This iz thoimshet be be doe be the infuence of the axdfee bean slip style A high slip
fomnce conmses the meeds b slide down Basten, so et ling inbo e sieve hole is also faster. Thas
datyiein line seith the msoits of Hee shoady by Mafslasyoet al. [537] which reported that
engine capacity s dobermived by the rotational speed of the driving force and the s
angle. Howaver, according be Clukunle and Adkinnub [584], the use of dfting angles and
higher robatianal speed of {he driving force dogs not enean thak the classibier provides waork
capacity with the best quality of fimal product, bt deperda om the inibal urdforrnity of the
criese beans to be graded.

HL Poirre

oo measurements are Bken when tere s a load, u::i:ngu q:l.l.rn'p-:rm-‘rnf The actual
pewier at e Tokakionial FF-L'L'ﬂ iof Bz d.ri".-'i.r'g Frce 3141 TPATL Was AR AVETage af 15 Wakks,
whtile the mibational sgreed of tlee driving foeroe of 6508 avd 9107 rpm was 17 arud 20 Watks,
respectively. This data shesvs that the higher the rotatiomal speed of the drivieg Toroe,
the greaber the classifer poover. The same data has been reported by Chan et all [39]: that
engine powier af a rotational speed of 380 mpm has an average value of 57,3 Watts, while af
a speet of B rpen the recueired power was 1334 Watk,

Linear regression analysis obtained the equation of the relationship betwesn the
retativnal speed of the driving Beece with power [y):

W by 4+ 15,067

BT = 09554 (=)
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Tk Eguatiom (8 con ondy bie applied o the rotational speind of the drivieg fore
bietmeen 3141 amd 107 s It sheowned that the higher the rotativnal speesd of i driving
Torve, the greater the power needed. A large classifier working capaaty requins a high
rotationa] speed of the driving fonoe as well The wse of electrical energy can be greater
with the higher rotatinnal specd of the drivmg foree. To follow the regitisemands of the
Internativnal Erergy Ageney by using les emengy input bak obtainirg the same gqualsty [40]
it is necessary b redesign this dessifier.

33 .B.'c.l,ﬁ: Energy Comamplion

Speciic enemgy corsumphon {SEC) was the energy needed to do cofies bean dassifica-
tan which can be caloulated by dividing the power eaded for the classifiation process by
the actual capacity of the classifier. Based on the calculation resalts obtained, the specifie
enerpy cassificaton was 135 kl kg, The SEC shavaes the level of efficiency arel effectveness
af classification erergy wse based on nputs and cutputs, and s valoeds used o estimate
energy consumipckon during ihe cassification process,

Somvee Teseare et bave also proviosly reported that SEC was a mdel of energy -
suemiprivan from a cectam perspectroe D] Because the SEC inchades. o mapping melatiomship
betwesn ey corEumpln du rjng pertain classifcation B‘urk prooeEEDs, its value cannet
only comnpare encergy efficency differences from the sane machining process ard different
processing parnmetens, bol can alse reflect smergy indersity and productivity differences in
different machinmg processes [42]. Therefore, even thonggh some SEC models ane not accw-
rabe enough and the relevant parameters are complex, the concept = easy o umderstancd
and calculato. Thireforse, .:.'n.'.n:lmg ta Kla et al [43] the =|.1-|'.-I|r.111nn 1% 1.'¢-r..'$:'r..'\-ral.

24 [errbbon of Classfoariom Resulls

The: distribution of classification results in cach sieve was a comparison bebween the
classification mesulls inoeadh steve and the botal weight of the mateeial being fed. The
peroentmns of beames in each sfting was largely determined by the geve angle and the
rotational speed of the driving foroe {Figurne 71 At the same sifting angke. the higher
thie refaticnal speud af the driving foece, the fewer tho number of beans relamed. The
happemed because the coffer beans wore dlipping maore easily mio the sieve, so that the
namiber iof beams rebeimesd was alse decrmsing

,_
=
=

® Sipver dicmater of 7.5 mm
- m Siever diemater of .5 mm
Sigver diemater of 5.5 mm

&0 : ;

I“] l l l k l l

20 n B
il I l I I X A

L. G5 RE il4l
The mtation speed of the driving fefce (epam)

(5]

Cioffee hean distribution (%)

Figuae L Disteibutions ol selalied codies boas migach deve wnik

The abweryations showe that at o sieve angle of T and o mtational speed of driving
bore of 2141 mpey the mumber of beares beld in the first sieve was BL14%, while ol a
motational speed of driving force of 65.6% and 9107 rpm, the mumber of Beans retained
was 7T A% and A3 5%, mepectively. The same trend ooourred at the sieve angle of 13
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ang B {Figume M This resalt is in line with the meeanch regrort by Gunathilake o ol [21]
that states thal the best classiBer working condibions are these that give the smollest seed
size dstribution devinbion compansd b the seed sive distribut on obained foon manually
graded beans

B Clussifartion Electioily
151 The First S

Phae st sbeve vetained a oolkcton of seeds with a diameter greaser tham 7.5 rm. The
classification resubts show that the distribution of coffes beans retatred 1o the first sleve,
with a rotatiomal spaesed of 9107 rpme a2 sifting angle of 100, abtined: B2.14% of coffiae
brans I.a.rtl;-.':r than 7.5 o, whereas at the rolatiomal s-pmd af the driving force of 5558 and
FLAL rpon, b percentages of coffer beans refaned were T765% and G354%, respectively
(Figure 4 This data shows that ol tbe =iftingg angle of 107 and the netatione] speed of the
clrving Brce 0f Q1LO7 rpam, the percentage of ooffes beans that bad o diameter smaller than
the diameter af the 7.5 mm sieve hisle was 17.86% The higher the rotrbon speed of the
d:|'|1.'|n|:.l' fomee, Bhss I'nghur thia TRt of thie mumiber of coffee beans with a diametor
smaller tham 7.5 mm, The s thingz weas alse shavwn from the best nesazlbs at the mtational
spred of the driving foree of 6585 amd 3141 e 1521 and 2.65'%, nepectvey,

F 00 &4 L0

E a5 48

= X0 I 31.41 rpm

£

g

g 40

5]

=]

bﬁ 0 T

‘E' 0 i - T :
[a® 1y 6™

Sieve angle {7

Figure &, Distribution of coffec beans that pass thoough thie first sieve

352 The Second Sweve

The: second sieve metained a collection of beans with a dianseter smaller than 7.5 and
greater than 4.5 mmn. The classification resalts show that the disribution of coffee beans
retdimed in twe seosnd sieve at the rotation speed of the detving foroe of 9107 rpm and a
simye angle of [07 wesm 77 100%, whibe at the nitation s peed af the driving foroe of 6583 and
A1LAT pam at was 16215 and 6655, mespectively (Figune 7). This data shows that at a sieve
Jﬂﬂh‘i of MV and a redabion npm:u:l of the liHl.-'LI'ﬂ fomee nf 91,107 TR, thieee ware 22 BRG of
ciktes: boans with a dismeher between 6.5 and 7.5 mom Thae: fasder the rotabion of the driving
foree, the higher the pementoge of coffee beans with a dismeter smobler them 65 mm, The
samie hng wias also pbtamed from the test results on the rotation speed of the drhving forae
af &1.88 aad 31,41 rpm TR ET % and B ET, r-_h:.p:_ul:lh-ll.

133, The Third Sieve

The third sicve retained acollection of beave with a diameter smaller than 5.5 mim
Thee classfication vesalts show that the distritnation of coffoe beans helsl in e thivd sieve
thies bt speesd of the d iy g B of 9107 rpm and a sieve angle of 1P e 67 34%,
while at the rotation speed of the driving foree of A5.88 and 3141 rpom, it was 1E21% and
14450, espectively |Figure 61 This data shows that atb a steve angle of 10% and a redation
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speed of the drving feros of 107 rpm, as moch s 32.66'% of coffer brans hind o smaller
bean shornebar than the sieve lole diameber of 5.5 man. The faster the motation spesl of
the dovirg force, the: hisher the percentage of coffee beans with a bean diameter smaller
than %5 mm. Some previous reseanch resules ako show the same tend data, as reposied
by Cunathilake et al {21 the mitatiomal speed of 15 epmand the sieve angle of 5 tothe
hierizm tal axis of the eylinder produces the highest performance af 92 .45%

E bL1C1] l"-i'| 07 rpm
= 63,56 rpm
= g 1l4l rpm
£
.;'_; &
= 40
=

2
2
SI

[a=
Sieveangls (7

Figure 5 Distribution of coffer beans that pass throogh the sscond sioe

,\E‘ 160 L LN mm
4 65, 84 rpm
R B 3141 rpm
E %
£ 60
é
= 40
5
)
EF] ]
= = 1 : i
S

[ae 39 F&®

Sieve angle 7]

Figure i Di=trihutinn of coffes beans that pass the thind ey

354, The Efficiency of Classification

Tha -:t'ﬁnm-.-. af classificaticn was caleulabed I:rl.I COTNPSFIng thie asctual Lap:unl'l. o] the
engine with the fhenretical capaci by of the engine The actual capacity of the dassifer was
thee abrility of the classifier bo do classifcation within a cerlain Hme nberval, Basead on the
calculation if the achaal capacity of 165 I:-\.H_‘lllu and the theoretical capacity valueof 18 kg /h
thi= efficiency of the classifier was Y067 This value indicates that the sfficiency of the
classifior wae alteady high, but sl nesds £ b imiprowved. Todncnease the alficiency of
classification, the ratational speed of the driving foros needs fo be mereased based on bhe
Indonesian Maticonal Standard (N5

The: energy efficiency was the ralio between perfeemance and energy input. The
eneegy efficiency has a speciiic application definition for each different condishon, tat the
definition most commonly used = & therrmod yoamic perspective that uses the o of
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procluct oudpat b total snergy input [$4] Due o the complesity of the fimction of classifie
tonals, mocmnfing o Ehow el ol [41], the defindtion of enemgry efficierncy is o chear 5o far amd
there s am amount of energy efficiency evaluation indicators that can be wsed for varimes
classfier bonls

4. Condlusions

The weorking capacity of a classifier weas largely debermined by the rotaticnal speed
af fwe driving foroe and the sieve aonghe, The greater the robational specd of th d riving
foree amd the greater the sieve angle, the higher the working capacty of the engine. The
best ckesification operaBng cond ifiems was found at the nvta Homal speed of e d dvings
Fomee ol li']].ﬂ'q'.-mand.: sl .irglﬂ af 147, with a prr.:‘ll.mnrl classifr l.-mrkinE capacity f
327 kth Thie distribubion of beans befd in the Bret, second, and bhded siese was 56,77,
2812, and 15,11%, respectively, Efficency iming the classifier was Foard at the motxtional
speed af the drivieg focoe of 91407 rpm and a seve angle of 167, it was Y107 To produce
high engine working capaciiy, a hkzh-speed driving foce wes also mesded. The power
generated by the driving force inereases with the incneased rokation of the drving fonce
This chmsifier conld leazibly be applied fo improve the process. of dass bang cofes beans
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