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INTRODUCTION 

The word of glass comes from Teutonic word “Glaza” 

whichmeansyellow.Theoldestblueprintthatisfoundandprintedonclay in 669-627 BC which describe the initial 

composition ofglass making, there is 60 parts of sand, 180 parts of ash frommarine plants and 5 parts of [1]. The 

properties of glass areuniqueandvariedforchemicalofglass,andcanbeadjustedbychanging the composition or 

production technique of the glass[2].Alongwiththedevelopmentoftheera,themethodofglassmaking is growing [3]. 

The current most popular sheet 

glassproductionprocessisthefloatprocessmethod.[1].Theflowoftheglassproductionprocesswiththefloatprocessisill

ustratedinFigure 1 

 

 
Figure1.Flowproductionof floatprocess[4]. 

ABSTRACT 

In a glass-making production process, the quality of the 

rawmaterialisveryimportanttoproducegoodqualityofglass.Butsometimes not all of material have a 

good quality, there mustbe foreign object contamination in the raw materials so that 

donotmatchwiththeexpectedmaterialqualityandhasanimpactonrejectedmaterialandcaninterferewitht

heproductionprocess or the glass quality. The purpose of this paper is 

toreducemetalcontamination,sothatbatch-culletmaterialisnotwastedbydesigningandrealizingabatch-

culletrejectconveyor which consists of two conveyors. Conveyor A has 

atotallengthof7.5meterswithaheightof3.5meters,aslopeof20
0
, has a power of 2.62 kW with a 

suspended magnet andmetaldetector.ConveyorBhasatotallengthof4.5meters,hasa power of 1.29 kW 

and both conveyors can accommodate 

aproductioncapacityof620000kg/day.Fromthedesignofthetwoconveyors,itwasfoundthattheamountof

batch-culletlossper day was reduced by 87.92% from 7890 kg/ day to 952.6kg/day 

Keywords:batch-cullet,beltconveyor,metal,contaminant. 

 



Design of Belt Conveyor to Reduce Loss Batch-Cullet 

www.ijceronline.com                                                Open Access Journal                                                 Page 168 

 

One of the companies that produce flat glass is PT 

MuliaglassFloatDivisioninIndonesia.Figure2describestherawmaterialbatchingprocess: 

 

 
Figure2.Batchingprocess[5]. 

 

 

The problem that often occurs in the batching process is theamount of material that is discarded due 

contamination in theraw material, one of the sources of contamination in the glassraw material is from foreign 

objects [6]. According to Sugito,Head Section of The Batch Plan Department at PT 

MuliaglassFloatDivisionFloat3,thereareseveraltypesofcontaminationthatcannotpassintothemeltingprocesssuchas

metal,aluminium, and rock. Figure 3 shows the contamination thatcanbe filteredout: 

 

 
Figure3.Examplesofcontaminations. 

 

 

The wasted material of batch-cullet by metal contaminationcausesnewproblem.Theproblemisthewastebatch-

culletthatincrease every day by metal contamination in the batch-culletmaterial. Figure 4 show that the one of 

flow process in BatchPlan: 

 

 
Figure4.Flowprocessofbatching-plan 
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Observation of the area becomes a reference for designing aconveyor that can distribute batch-culet material and 

reducemetalcontaminationinthematerial.Beltconveyorsystemisaneconomicalequipmentfortransportinglargequant

itiesofmaterial [7]. The addition of this belt conveyor system is aninnovation in the Batch Plan Department that 

is consideredeffective,becauseithasfunctiontodistributeandmovematerial from one place to another place by 

adding a magnetwhichfunctionistoattractmetalcontaminationinthematerialand metal detector to detect metal 

contamination. Figure 5showstheexample ofconveyorsupportstructure: 

 

 

Figure5.Supportstructureofbeltconveyor[7]. 

 

 

1. METHOD OF DESIGN 

The flow chart design of batch-cullet reject conveyor is showninFigure6: 

 

Figure6.Flowchartofconveyorbatch-culletrejectdesign. 

 

 

The belt conveyor can be characterized by a belt or steel wirethat rotates around a driving pulley supported by 

several rollwithastructure[7]. Theuseofbeltconveyorsinseveralindustries is different according to needs of each 

industry. Indesigning a conveyor batch-cullet reject there are several stepsthat need to be done. The first thing to 

do is conduct a fieldstudy on the wasted batch-cullet material, and then looking forliterature on conveyor design 

[8-10], make the initial design ofbatch-cullet reject conveyor, determine what components 

willbeused,thenproceedwithcalculatingthecapacity,tensionandpower required, after that realize the conveyor of 

batch-

culletrejectandthenmakeadjustmentofcomponentandtotalcheckingallofcomponents.Ifthedesignissuccessful, 
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conclusions will be drawn. However, if it is not fit, it can bereset several components or make another priority 

design. Toget more detailed technical data such as the capacity used, 

beltspeed,tensionandpowerrequired,andthisisseveralequationscanbe usedto calculate them[11]: 

1. Capacityand beltspeed: 

𝑄𝑡=3,6𝑥𝐴𝑥𝛾𝑥𝑘𝑥𝑣 … (1)Where, 

Qt=Beltconveyorcapacity(ton/hr)A=Crosssectionarea(m
2
) 

γ=Materialdensity(kg/m
3
)v= Beltspeed(m/s) 

k=Inclineordeclinefactor. 

 

 

Table1.MaterialDensity[12]. 

 

 

Table2.Crosssectionofload[11]. 

 

Table3.”k”factorforinclineanddeclineconveyor. 
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2. Effectivetensionandpowerrequirment 

𝑇𝑒=𝐿𝑥𝐾𝑡(𝐾𝑥+𝐾𝑦𝑐𝑥𝑊𝑏+ 0,015𝑊𝑏) 

+𝑊𝑚(𝐿𝑥𝐾𝑦𝑟±𝐻) +𝑇𝑥+𝑇𝑦+𝑇𝑧+𝑇𝑎𝑐 …(2)Where, 

Te=Effectivetension(kg). 

Tx=TheTensionto movetheemptybelt(kg). 

=𝐺𝑥𝑓𝑥𝑥𝐿𝑐 …(3) 

Ty    =Thetensiontomovetheloadhorizontally(kg). 

=𝑊𝑚𝑥 𝑓𝑦𝑥𝐿𝑐 …(4) 

Tz   =Thetensiontolifttheload(kg). 

=𝐻𝑥𝑊𝑚 …(5) 

Tac=The tensionasaresultofaddingaccessories(kg). 

Tabel5:Massofmovingparts[12]. 

 

=
𝑓𝑠𝑥𝑊𝑚𝑥𝐿𝑠 

𝑣𝑥 𝑏 

L =Horizontallengthofconveyor(m)Lc=Correctedlengthofconveyor(m). 

Kt =TemperatureambientcorrectedfactorKx =Idler frictionfactor(kg/m). 

…(6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table6:Frictionfactor[12]. 
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Kyc  =Factorsforcalculatingthebeltforceandflexureloadonthe idler roll. (0,022). 

Kyr  =Factorsforcalculatingthebeltforceandflexureloanonthe returnroll(0,015). 

Wm   =Materialweight(kg/m)Wb    =Beltweight(kg/m) 

G =Massofmovingparts(kg/m)(Table5) 

fs= friction coefficient for skirt board (Table 6)fy    = friction coefficient for loaded belt (Table 

6)fx=frictioncoefficientforemptybelt(Table6) 

 

Table4:Beltweight[12]. 

 

 
 

3. Powerofconveyor: 

 

 

P=(Texv)/75 …(7) 

 

 

Where, 

P=Beltpower (HP). 

Te= Effective tension (kg).v=Kecepatanbelt(m/min) 

 

2. DESIGNOFCONVEYORBATCH-CULLETREJECT 

Conveyordesignspecificationsareplannedbasedonfieldconditionsorinstallationareaswhicharealsoadjustedtoprodu

ction,sothatitfitstotheproductionprocessintheBatchPlanarea,Table7describestherequiredconveyorspecifications: 

 

Table7:Productdesignspesification 

 

 

 

Theconceptualdesignofconveyorbatch-culletrejectisarrangedbasedonallthesub-functionslistedinTable 8: 

Table8:Sub-functionofconveyorbatch-culletreject. 
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ConveyorA 
ConveyorB 

 
 

consist of two types of conveyor, first conveyor is conveyor 

A(inclinedconveyor)andthesecondoneisconveyorB(horizontalconveyor). 

 

 

 

Figure7:Designofbatch-culletrejectconveyor. 

 

 

Figure7showsthedetaileddesignofbatch-

culletrejectconveyorthathasbeenadjustedtothespecificationneededandwiththeconceptualdesignthathasbeendeterm

ined.Thetechnicaldataforconveyorbatch-culletrejectwillbedescribedbased on the equation used to calculate the 

conveyor capacity,belt speed, the tension generate by the belt and the powerrequired ofbatch-

culletrejectconveyor. 

1. ConveyorA 

 Theconveyorcapacitytobeusedisbasedonproduction 
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Thecombinedresultsofall functionwillformoverallfunctionthat qualify the design product specification. There are 

severalvariants of solutions, design priority is given based on 

technicalandfieldsneed.Thefirstoptionisconsideredtobethefirst 

capacity=   
620𝑡𝑜𝑛/𝑑𝑎𝑦 

150𝑚𝑖𝑥𝑖𝑛𝑔𝑥60 

 Beltspeed: 

𝑥1000=68.83 kg/s 

 

priority that will lead to the selection of a conceptual design.Here is a combination of solutions with sub-

function as thebasisfor conceptual design: 

v=
 𝑄𝑡 

= 
68,83 

3,6𝑥𝐴𝑥𝛾𝑥𝑘 3,6𝑥0,043𝑥1680𝑥0,906 

 Teganganefektif: 

=0.292m/s…(1) 

 

1. 1
ST

conceptualdesign:1-1,2-1,3-2,4-1,5-1and6-2. 

2. 2
ND

conceptualdesign:1-2,2-1,3-3,4-2,5-1and6-1. 

3. 3
RD

conceptualdesign:1-1,2-1,3-3,4-1,5-1and6-2. 

4. 4
TH

conceptualdesign:1-2,2-1,3-2,4-1,5-1and6-2. 

The conceptual design is determined based on the 

assessmentofeachalternativesolutionbasedonthetechnicalrequirementsand operational conditions in the area and 

the first conceptualdesign variant is the main priority. Based on the specificationin Table 1, the drive system 

uses a single drive without a snubpulley, belt tension adjustment using screw take-up [13], beltsupport using 3 

idler-roll [14], contaminant catcher using asuspended magnet [15], contamination detector using a 

metaldetectorand dumperdriver usingapneumaticsystem[16-17]. 

 

3. DETAILDESIGNOFCONVEYORBATCH-CULLETREJECT 

Figure7showsthedesignofbatch-culletrejectconveyorwhich 

 
𝑇𝑒=𝐿𝑥𝐾𝑡(𝐾𝑥+𝐾𝑦𝑐𝑥𝑊𝑏+0,015𝑊𝑏)+ 

𝑊𝑚(𝐿𝑥𝐾𝑦𝑟±𝐻) +𝑇𝑥+𝑇𝑦+𝑇𝑧+𝑇𝑎𝑐 
…(2) 

 

 

Where, 

Tx= 67.62 kg …(3) 

Ty=137.10kg …(4) 

Tz   =229.32kg …(5) 

Tac=217.68kg …(6) 

L = 7.5 metersWm   =65.52kg/mWb=9.9kg/m 

G = 39.66 kg/mKyc= 0.022 

 

Kyr =0.015 

Kt=1 

Kx=1.96kg/m 

 

 

Then, 

𝑇𝑒=𝐿𝑥𝐾𝑡(𝐾𝑥+𝐾𝑦𝑐𝑥𝑊𝑏+0,015 𝑊𝑏)+ 

𝑊𝑚(𝐿 𝑥𝐾𝑦𝑟±𝐻) +𝑇𝑥+𝑇𝑦+𝑇𝑧+𝑇𝑎𝑐 
=7.5x1(1.96+0.022x9.9+0.015x9.9)+ 

65.52(7.5x0.015+3.5)+67.62+137.10+ 

229.32 +217.68 

=905.81 kg 

 

Then, 

𝑇𝑒=𝐿𝑥𝐾𝑡(𝐾𝑥+𝐾𝑦𝑐𝑥𝑊𝑏+0,015𝑊𝑏) 

+𝑊𝑚(𝐿𝑥𝐾𝑦𝑟±𝐻)+𝑇𝑥+𝑇𝑦 
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+𝑇𝑧+𝑇𝑎𝑐 
=4.5x1(1.97+0.022x9,9+0.015x9.9)+ 

72.48(4.5x0.015+0)+65+145.79+0+ 

266.35 

=492.54kg 

 

 

 PowerofConveyor 

𝑃=𝑇𝑒𝑥𝑣=
492.54𝑥0,264

=1.73HP=1.29kW 

 

75 75 

 

 Powerofconveyor: 

𝑃=𝑇𝑒𝑥𝑣=
905.81𝑥0.292

=3.52HP =2.62kW 

75 75 

…(7) 

 

 

2. ConveyorB 

 Theconveyorcapacitytobeusedisbasedon 

Thedetaildesignofbatch-culletrejectconveyorproducestechnical specification for conveyor A and conveyor B 

whicharedescribedinTable9basedonthecalculationthathavebeencarried out 

Table9:Technicalspesification 

 

production capacity= 
620𝑡𝑜𝑛/𝑑𝑎𝑦 

150𝑚𝑖𝑥𝑖𝑛𝑔𝑥60 
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𝑥1000= 

 

68.83kg/s 

 Beltspeed: 

v=
 𝑄𝑡 

= 
68,83 

 

=0.264 m/s 

 

3,6 𝑥𝐴𝑥𝛾 3,6 𝑥0,043𝑥1680 

 

 

 Teganganefektif: 

𝑇𝑒=𝐿𝑥𝐾𝑡(𝐾𝑥+𝐾𝑦𝑐𝑥𝑊𝑏+0,015 𝑊𝑏)+ 

𝑊𝑚(𝐿 𝑥𝐾𝑦𝑟±𝐻) +𝑇𝑥+𝑇𝑦+𝑇𝑧+𝑇𝑎𝑐 
…(2) 

 

 

Where, 

Tx=65kg …(3) 

Ty=145,79 kg …(4) 

Tz=229.32kg …(5) 

Tac=266.35kg …(6) 

L= 4.5 metersWm = 72.48 kg/mWb =9.9 kg/m 

G = 39.66 kg/mKyc=0.022 

Kyr=0.015 

Kt= 1 

Kx=1.96 kg/m 

 

3. RESULTS 

Aftergettingthetechnicalspesificationofthebatch-culletreject conveyor which is show in Table 9. The next thing 

to dois to realize the design and evaluate the results of the batch-

culletrejectconveyortoreducelossbatch.Figure8istheresult 

 

fromdesignofbatch-culletrejectconveyorbasedonconceptualdesignanddetaildesignofbatch-culletrejectconveyor 

 

 
 

 
Figure8:ConveyorA,ConveyorBandflowprocessofbatching-planafterdesigning 

 

 

Thedesignofthisbatch-culletrejectconveyoraffecttheamount of batch-cullet loss produced per day, where the 

lossbatch-cullet per day is 7890 kg. After the batch cullet rejectconveyor realize, loss batch-cullet decreased by 

87% or 952.6kg per day. Figure 9 shows the difference in the number ofbatch-

culletrejectproducedperdaybeforeandafterdesigning. 
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Figure9:Lossbatch-cullet. 

 

 

Basedontheresults,thatbatch-culletrejectconveyorisabletoreducelossbatch-

culletcausedbymetalcontaminationandthedesignresultisqualifywithspecificationwhichcanaccommodateaproducti

oncapacityaround620000kgperdayand can split contamination in batch-cullet. Where the 

lengthoftheconveyorAis7.5meters,3.4metersofconveyor height,slope angle is 20
0
 and suspended permanent 

magnet and metaldetector. The conveyor B has a 4.5 meters of conveyor lengthwithoutmagnet andmetal 

detector 

 

SUMMARY AND CONCLUSION 

This paper describes the innovation of batch cullet 

recyclingdesignthatiscontaminatedbymetal.Designofabeltconveyorusing a single drive system without snub 

pulley, adjusting beltwith screw take-up, belt support with 3 idler rolls, metal 

catcherwithsuspendedpermanentmagnet,contaminationdetector 

withmetaldetectorsanddrivingdumperwithpneumaticsystemhavebeensuccessfullyandaccordingtospecifications. 

ThetotallengthoftheconveyorAis7.5meters,theheightis 

3.5 meters, conveyor angle is 20
0
, and power generate by theconveyor is 2.62 kW with suspended permanent 

magnet as acontaminantcatcherandmetaldetectorasacontaminantdetector. The total length of the conveyor B is 

4.5 meters andpower generate by conveyor B is 1.29 kW. The application ofthis conveyor batch-cullet reject is 

effective in reducing batch-cullet reject affected by metal contamination. The number ofbatch-

culletrejectisreducedfrom7890kg/dayto952.6kg/daysor around87.92%of7890 kg/day 
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