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Abstract 

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

material is very important to produce good quality of glass. But 

sometimes not all of material have a good quality, there must 

be foreign object contamination in the raw materials so that do 

not match with the expected material quality and has an impact 

on rejected material and can interfere with the production 

process or the glass quality. The purpose of this paper is to 

reduce metal contamination, so that batch-cullet material is not 

wasted by designing and realizing a batch-cullet reject 

conveyor which consists of two conveyors. Conveyor A has a 

total length of 7.5 meters with a height of 3.5 meters, a slope of 

200, has a power of 2.62 kW with a suspended magnet and 

metal detector. Conveyor B has a total length of 4.5 meters, has 

a power of 1.29 kW and both conveyors can accommodate a 

production capacity of 620000 kg / day. From the design of the 

two conveyors, it was found that the amount of batch-cullet loss 

per day was reduced by 87.92% from 7890 kg/ day to 952.6 

kg/day 
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1.  INTRODUCTION 

The word of glass comes from Teutonic word “Glaza” which 

means yellow. The oldest blueprint that is found and printed on 

clay in 669-627 BC which describe the initial composition of 

glass making, there is 60 parts of sand, 180 parts of ash from 

marine plants and 5 parts of [1]. The properties of glass are 

unique and varied for chemical of glass, and can be adjusted by 

changing the composition or production technique of the glass 

[2]. Along with the development of the era, the method of glass 

making is growing [3]. The current most popular sheet glass 

production process is the float process method.[1]. The flow of 

the glass production process with the float process is illustrated 

in Figure 1 

 
Figure 1. Flow production of float process [4]. 

One of the companies that produce flat glass is PT Muliaglass 

Float Division in Indonesia. Figure 2 describes the raw material 

batching process: 

 

Figure 2. Batching process [5]. 

 

The problem that often occurs in the batching process is the 

amount of material that is discarded due contamination in the 

raw material, one of the sources of contamination in the glass 

raw material is from foreign objects [6]. According to Sugito, 

Head Section of The Batch Plan Department at PT Muliaglass 

Float Division Float 3, there are several types of contamination 

that cannot pass into the melting process such as metal, 

aluminium, and rock. Figure 3 shows the contamination that 

can be filtered out: 

 

Figure 3. Examples of contaminations. 

 

The wasted material of batch-cullet by metal contamination 

causes new problem. The problem is the waste batch-cullet that 

increase every day by metal contamination in the batch-cullet 

material. Figure 4 show that the one of flow process in Batch 

Plan: 

 
Figure 4. Flow process of batching-plan 
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Observation of the area becomes a reference for designing a 

conveyor that can distribute batch-culet material and reduce 

metal contamination in the material. Belt conveyor system is an 

economical equipment for transporting large quantities of 

material [7]. The addition of this belt conveyor system is an 

innovation in the Batch Plan Department that is considered 

effective, because it has function to distribute and move 

material from one place to another place by adding a magnet 

which function is to attract metal contamination in the material 

and metal detector to detect metal contamination. Figure 5 

shows the example of conveyor support structure: 

 

 

Figure 5. Support structure of belt conveyor [7]. 

 

2. METHOD OF DESIGN 

The flow chart design of batch-cullet reject conveyor is shown 

in Figure 6: 

 

Figure 6. Flow chart of conveyor batch-cullet reject design. 

 

The belt conveyor can be characterized by a belt or steel wire 

that rotates around a driving pulley supported by several roll 

with a structure [7]. The use of belt conveyors in several 

industries is different according to needs of each industry. In 

designing a conveyor batch-cullet reject there are several steps 

that need to be done. The first thing to do is conduct a field 

study on the wasted batch-cullet material, and then looking for 

literature on conveyor design [8-10], make the initial design of 

batch-cullet reject conveyor, determine what components will 

be used, then proceed with calculating the capacity, tension and 

power required, after that realize the conveyor of batch-cullet 

reject and then make adjustment of component and total 

checking all of components. If the design is successful, 

conclusions will be drawn. However, if it is not fit, it can be 

reset several components or make another priority design. To 

get more detailed technical data such as the capacity used, belt 

speed, tension and power required, and this is several equations 

can be used to calculate them [11]: 

1. Capacity and belt speed:   

 

𝑄𝑡 =  3,6 𝑥 𝐴 𝑥 𝛾 𝑥 𝑘 𝑥 𝑣    … (1) 

 

Where, 

Qt =Belt conveyor capacity (ton/hr) 

A = Cross section area (m2) 

γ = Material density (kg/m3) 

v = Belt speed (m/s) 

k = Incline or decline factor. 

 

Table 1. Material Density [12]. 

 

 

Table 2. Cross section of load [11]. 

 

Table 3.”k” factor for incline and decline conveyor. 
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2. Effective tension and power requirment 

𝑇𝑒 =  𝐿 𝑥 𝐾𝑡 (𝐾𝑥 + 𝐾𝑦𝑐 𝑥 𝑊𝑏 + 0,015 𝑊𝑏) 

+ 𝑊𝑚 (𝐿 𝑥 𝐾𝑦𝑟  ± 𝐻) + 𝑇𝑥 + 𝑇𝑦 + 𝑇𝑧 + 𝑇𝑎𝑐        …(2) 

Where, 

Te   = Effective tension (kg). 

Tx   = The Tension to move the empty belt (kg). 

       = 𝐺 𝑥 𝑓𝑥 𝑥 𝐿𝑐           …(3) 

Ty     = The tension to move the load horizontally (kg). 

       = 𝑊𝑚 𝑥 𝑓𝑦 𝑥 𝐿𝑐            …(4) 

Tz   = The tension to lift the load (kg). 

       = 𝐻 𝑥 𝑊𝑚            …(5) 

     Tac  = The tension as a result of adding accessories (kg). 

            = 
𝑓𝑠 𝑥 𝑊𝑚 𝑥 𝐿𝑠

𝑣 𝑥 𝑏
            …(6) 

L        = Horizontal length of conveyor (m) 

Lc      = Corrected length of conveyor (m). 

Kt      = Temperature ambient corrected factor 

Kx     = Idler friction factor (kg/m). 

Kyc   =Factors for calculating the belt force and 

flexure load on the idler roll. (0,022). 

Kyr   =Factors for calculating the belt force and 

flexure loan on the return roll (0,015). 

Wm   = Material weight (kg/m) 

Wb    = Belt weight (kg/m) 

G      = Mass of moving parts (kg/m) (Table 5) 

fs      = friction coefficient for skirt board (Table 6) 

fy      = friction coefficient for loaded belt (Table 6) 

fx      = friction coefficient for empty belt (Table 6) 

 

Table 4: Belt weight [12]. 

 

 

Tabel 5: Mass of moving parts [12]. 

 

 

Table 6: Friction factor [12]. 

 

 

3. Power of conveyor: 

 

P=  (Te  x v )/75                            …(7) 

 

Where, 

P   = Belt power (HP). 

     Te = Effective tension (kg). 

     v = Kecepatan belt (m/min) 

 

3. DESIGN OF CONVEYOR BATCH-CULLET REJECT 

Conveyor design specifications are planned based on field 

conditions or installation areas which are also adjusted to 

production, so that it fits to the production process in the Batch 

Plan area, Table 7 describes the required conveyor 

specifications: 
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Table 7: Product design spesification 

 

 

The conceptual design of conveyor batch-cullet reject is 

arranged based on all the sub-functions listed in Table 8: 

Table 8: Sub-function of conveyor batch-cullet reject. 

 
The combined results of all function will form overall function 

that qualify the design product specification. There are several 

variants of solutions, design priority is given based on technical 

and fields need. The first option is considered to be the first 

priority that will lead to the selection of a conceptual design. 

Here is a combination of solutions with sub-function as the 

basis for conceptual design: 

1. 1ST conceptual design: 1-1, 2-1, 3-2, 4-1, 5-1 and 6-2. 

2. 2ND conceptual design: 1-2, 2-1, 3-3, 4-2, 5-1 and 6-1. 

3. 3RD conceptual design: 1-1, 2-1, 3-3, 4-1, 5-1 and 6-2. 

4. 4TH conceptual design: 1-2, 2-1, 3-2, 4-1, 5-1 and 6-2. 

The conceptual design is determined based on the assessment 

of each alternative solution based on the technical requirements 

and operational conditions in the area and the first conceptual 

design variant is the main priority. Based on the specification 

in Table 1, the drive system uses a single drive without a snub 

pulley, belt tension adjustment using screw take-up [13], belt 

support using 3 idler-roll [14], contaminant catcher using a 

suspended magnet [15], contamination detector using a metal 

detector and dumper driver using a pneumatic system [16-17]. 

 

4.  DETAIL DESIGN OF CONVEYOR BATCH-CULLET 
REJECT 

Figure 7 shows the design of batch-cullet reject conveyor which 

consist of two types of conveyor, first conveyor is conveyor A 

(inclined conveyor) and the second one is conveyor B 

(horizontal conveyor).  

 

 

 

Figure 7: Design of batch-cullet reject conveyor. 

 

Figure 7 shows the detailed design of batch-cullet reject 

conveyor that has been adjusted to the specification needed and 

with the conceptual design that has been determined. The 

technical data for conveyor batch-cullet reject will be described 

based on the equation used to calculate the conveyor capacity, 

belt speed, the tension generate by the belt and the power 

required of batch-cullet reject conveyor. 

1. Conveyor A 

 The conveyor capacity to be used is based on production 

capacity = 
620 𝑡𝑜𝑛/𝑑𝑎𝑦

150 𝑚𝑖𝑥𝑖𝑛𝑔 𝑥 60
 𝑥 1000 =  68.83 kg/s 

 Belt speed: 

v =  
𝑄𝑡

3,6 𝑥 𝐴 𝑥 𝛾 𝑥 𝑘
 = 

68,83 

3,6 𝑥 0,043 𝑥 1680 𝑥 0,906 
 = 0.292m/s  …(1) 

 Tegangan efektif: 

 𝑇𝑒 =  𝐿 𝑥 𝐾𝑡 (𝐾𝑥 +  𝐾𝑦𝑐 𝑥 𝑊𝑏 + 0,015 𝑊𝑏) +

 𝑊𝑚  (𝐿 𝑥 𝐾𝑦𝑟  ± 𝐻) + 𝑇𝑥 +  𝑇𝑦 +  𝑇𝑧 + 𝑇𝑎𝑐              

…(2)

 

  

          Where, 

  Tx   = 67.62 kg            …(3) 

 Ty   = 137.10 kg                        …(4) 

    Tz   = 229.32 kg           …(5) 

    Tac  = 217.68 kg           …(6) 

  L     = 7.5 meters  

  Wm   = 65.52 kg/m 

                 Wb   = 9.9 kg/m 

                 G      = 39.66 kg/m 

     Kyc    = 0.022 

Conveyor A 
Conveyor B 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 16, Number 2 (2021) pp. 147-153 

© Research India Publications.  http://www.ripublication.com 

151 

   Kyr     = 0.015 

     Kt   = 1  

     Kx  = 1.96 kg/m 

 

     Then, 

  𝑇𝑒 =  𝐿 𝑥 𝐾𝑡 (𝐾𝑥 +  𝐾𝑦𝑐 𝑥 𝑊𝑏 + 0,015 𝑊𝑏) +

 𝑊𝑚 (𝐿 𝑥 𝐾𝑦𝑟  ± 𝐻) + 𝑇𝑥 + 𝑇𝑦 + 𝑇𝑧 + 𝑇𝑎𝑐  

                    = 7.5 x 1 (1.96 + 0.022 x 9.9 + 0.015 x 9.9) + 

65.52 (7.5 x 0.015 + 3.5) + 67.62 + 137.10 + 

229.32 + 217.68 

         = 905.81 kg 

 

 Power of conveyor : 

𝑃 =  
𝑇𝑒 𝑥 𝑣 

75
 = 

905.81 𝑥 0.292 

75
 = 3.52 HP = 2.62 kW 

…(7) 

 

2. Conveyor B 

 The conveyor capacity to be used is based on 

production capacity = 
620 𝑡𝑜𝑛/𝑑𝑎𝑦

150 𝑚𝑖𝑥𝑖𝑛𝑔 𝑥 60
 𝑥 1000 =

  68.83 kg/s 

 Belt speed: 

 v =  
𝑄𝑡

3,6 𝑥 𝐴 𝑥 𝛾 
 = 

68,83 

3,6 𝑥 0,043 𝑥 1680  
 = 0.264 m/s 

 

 Tegangan efektif: 

𝑇𝑒 =  𝐿 𝑥 𝐾𝑡 (𝐾𝑥 +  𝐾𝑦𝑐 𝑥 𝑊𝑏 + 0,015 𝑊𝑏) +

 𝑊𝑚 (𝐿 𝑥 𝐾𝑦𝑟  ± 𝐻) + 𝑇𝑥 + 𝑇𝑦 + 𝑇𝑧 + 𝑇𝑎𝑐                

…(2) 

 

           Where, 

     Tx   = 65 kg            …(3) 

   Ty   = 145,79 kg                        …(4) 

   Tz   = 229.32 kg           …(5) 

   Tac = 266.35 kg           …(6) 

L     = 4.5 meters 

Wm = 72.48 kg/m 

Wb = 9.9 kg/m 

G = 39.66 kg/m 

Kyc = 0.022 

Kyr = 0.015 

Kt   = 1  

Kx  = 1.96 kg/m 

  Then, 

𝑇𝑒 =  𝐿 𝑥 𝐾𝑡 (𝐾𝑥 +  𝐾𝑦𝑐 𝑥 𝑊𝑏 + 0,015 𝑊𝑏)

+ 𝑊𝑚 (𝐿 𝑥 𝐾𝑦𝑟  ± 𝐻) + 𝑇𝑥 + 𝑇𝑦

+ 𝑇𝑧 + 𝑇𝑎𝑐  

= 4.5 x 1 (1.97 + 0.022 x 9,9 + 0.015 x 9.9) + 

72.48 (4.5 x 0.015 + 0) + 65 + 145.79 + 0 + 

266.35 

            = 492.54 kg 

 

 Power of Conveyor 

𝑃 =  
𝑇𝑒 𝑥 𝑣 

75
 = 

492.54 𝑥 0,264 

75
 = 1.73 HP = 1.29 kW 

 

The detail design of batch-cullet reject conveyor produces 

technical specification for conveyor A and conveyor B which 

are described in Table 9 based on the calculation that have been 

carried out 

Table 9: Technical spesification 

 

 

3. RESULTS 

After getting the technical spesification of the batch-cullet 

reject conveyor which is show in Table 9. The next thing to do 

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

cullet reject conveyor to reduce loss batch. Figure 8 is the result 
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from design of batch-cullet reject conveyor based on 

conceptual design and detail design of batch-cullet reject 

conveyor 

 

    

Figure 8: Conveyor A, Conveyor B and flow process of 

batching-plan after designing 

 

The design of this batch-cullet reject conveyor affect the 

amount of batch-cullet loss produced per day, where the loss 

batch-cullet per day is 7890 kg. After the batch cullet reject 

conveyor realize, loss batch-cullet decreased by 87% or 952.6 

kg per day. Figure 9 shows the difference in the number of 

batch-cullet reject produced per day before and after designing. 

 

Figure 9: Loss batch-cullet. 

 

Based on the results, that batch-cullet reject conveyor is able to 

reduce loss batch-cullet caused by metal contamination and the 

design result is qualify with specification which can 

accommodate a production capacity around 620000 kg per day 

and can split contamination in batch-cullet. Where the length 

of the conveyor A is 7.5 meters, 3.4 meters of conveyor height, 

slope angle is 200 and suspended permanent magnet and metal 

detector. The conveyor B has a 4.5 meters of conveyor length 

without magnet and metal detector 

 
4. SUMMARY AND CONCLUSION 

This paper describes the innovation of batch cullet recycling 

design that is contaminated by metal. Design of a belt conveyor 

using a single drive system without snub pulley, adjusting belt 

with screw take-up, belt support with 3 idler rolls, metal catcher 

with suspended permanent magnet, contamination detector 

with metal detectors and driving dumper with pneumatic 

system have been successfully and according to specifications.  

The total length of the conveyor A is 7.5 meters, the height is 

3.5 meters, conveyor angle is 200, and power generate by the 

conveyor is 2.62 kW with suspended permanent magnet as a 

contaminant catcher and metal detector as a contaminant 

detector. The total length of the conveyor B is 4.5 meters and 

power generate by conveyor B is 1.29 kW. The application of 

this conveyor batch-cullet reject is effective in reducing batch-

cullet reject affected by metal contamination. The number of 

batch-cullet reject is reduced from 7890 kg/day to 952.6 

kg/days or around 87.92% of 7890 kg/day 
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