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ABSTRACT: The coal milling process in the coal handling system unit begins with the coal crusher machining 

process. A coal crusher is an important machining unit in a power generation unit, it crushes coal into the 

appropriate size before burning it in the boiler. A common problem that often occurs and requires serious 
attention is the frequent stoppage of machine operations caused by the entry of foreign objects into the coal 

crusher. The analysis is done by seeing and identifying problems to determine the level of loss and prevention. 

This analysis is carried out by comparing the effect of the six big losses and the overall equipment effectiveness 

(OEE) value on the coal crusher machine. The value of availability rate, performance efficiency and rate of 

quality for the coal crusher show the fulfilment of the minimum value for each of these requirements so that it is 

safe to carry out production activities. The value of machine operational feasibility for Overall Equipment 

Effectiveness (OEE) and analysis of six big losses shows a value of 90% and a total downtime of 130.17 hours. 

Other values are shown for the period from September to January, respectively: Breakdown losses of 21 hours 

or 4.2%, setup and adjustment losses of 43 hours or 8.6%, idling and minor stoppages losses of 21 hours or 

42%, Reduced speed losses of 2.05 hours or 0.41%, Rework Loss (RL) of 11 hours or 2.2% and Yield/scrap Loss 

of 32.12 or 6.4%.  
KEYWORDS: coal crusher, coal handling system, overall equipment effectiveness (OEE), six big losses. 

--------------------------------------------------------------------------------------------------------------------------------------- 

Date of Submission: 04-04-2022                                                                             Date of acceptance: 19-04-2022 

--------------------------------------------------------------------------------------------------------------------------------------- 

 

I. INTRODUCTION 

Coal is one of the essential resources in an industry that requires energy. One of the industries that use 

coal as a source of energy is a steam power plant. In an industry that uses large numbers of coal with a certain 

size, it requires a coal crusher to change the shape of the coal into the desired shape. A coal crusher is a machine 

used to reduce the size of material such as coal, gravel or mountain rock[1][2]. Coal handling system in industry 

is the most important thing and the process consists of transportation from the coal stockpile, back stacking, 

transferring the coal to coal crusher and conveying it to the combustion system[3]. The coal handling system is a 
system that converts electrical energy into mechanical energy of displacement. In this system, tool efficiency 

values can be achieved in several stages such as engine performance efficiency, operating efficiency, machinery 

efficiency and technological efficiency of the system[4]. Crusher is a tool used to reduce size of particles used in 

industry, such as coal in power plants. The main component of the crusher is the use of very hard iron material 

that exceeds the size of the hardness material that wants to grind. The size of the material that is mashed is 

usually planned depending on material using. Following the crusher process, in some industries, the material 

will be sorted again so that it gets the size and shape that of material needed[5][6]. 

Efficient use of energy is one way to increase work productivity and achieves the environmentally 

friendly and sustainable performance of handling systems of power plants. Increasing the work efficiency of the 

system shows a decrease in energy use and it can increase awareness for the environment around the 

company[7][8]. In various mineral processing industries like coal, the use of stone crushers is very important 
and many types of stone crushers are available such as using electric power, thermal energy, and so on. Crusher 

using that is still commonly used today is mechanically driven crushers, due to considerations of effectiveness 

and efficiency of work[9]. The operation of crusher equipment to achieve high effectiveness values requires 

several factors such as the characteristics of the material to be crushed and the availability of mechanical power 

in maintaining the continuous operation of the crusher unit. In the aspect of the material that is crushed, the type 

of material such as having the appropriate size according to the capacity of the crusher, dry or moist, and 
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whether it contains impurities such as plastic, latex and so on. All of these factors greatly affect the performance 

and effectiveness of the crusher unit[10]. 

To increase the productivity and efficiency of machines in a system, it is necessary to take multi-factor 

steps, such as verifying crusher productivity by sorting out and rearranging workshop functions to achieve high 

production values[9]. The company's activities in carrying out engine maintenance have an important role in the 
continuity of the company. Machine maintenances involve maintenance staff at a company to repair machines 

that have problems and perform the maintenance based on machine performance. all of these, machine 

maintenances will produce quality products based on capacity and operational efficiency called the overall 

equipment effectiveness (OEE)[11]. The utilization of the OEE method in maintenance uses several aspects to 

approach, such as tool performance and product quality. The ultimate goal of this method is to measure the 

efficiency of the company so that it can reduce losses due to impacts that hinder the production process. 

Maintenance management by managing the company's downtime can be very effective with the OEE method so 

that the company's efficiency can be increased[11]–[13]. 

 

II. MODELLING OF COAL HAULING SYSTEM 

Storage and handling for the next coal requirement carried out as a form of action from the uncertainty 
of inventory and fuel transportation. Some things that are difficult to do when saving coal is a storage place or 

building barrier, poor quality and potential for fire. 

 

II.1 Energy use on Belt Conveyor 

The energy use calculation model on the conveyor belt provides an overview of the optimization of 

operating strategy control[14]. The energy analysis equation model given in equation (1) is in four-parameter 

groups, including θ1 - θ4, which can be further elaborated in the following equation[3]: 

        
 

  
     

        
  

 
     

   

   
  (1) 

The relationship between the variables V and T respectively: 

           (2) 

The maximum QG value is determined by the characteristics of belt conveyor and the amount of 

material that was removed. 

 
Fig. 1. Belt Conveyor System[14]. 

 

Energy consumption in the belt conveyor is determined by the energy consumption based on primary 

and secondary conditions. The primary condition of energy consumption is determined by the friction that 

occurs in the drive belt. The outside system has also affected the overall energy consumption and excluded from 

the special obstacles that occur in the system and then[14]: 

                              (3) 

Secondary energy consumption occurs in the outside movement of the system, namely inertial 

resistance that occurs in certain spaces of a belt conveyor system. Resistance occurs because of the friction 

between the conveyor belt-forming material and the outside base. According to the standard ISO 5048 and DIN 

22101, the coefficient C is used to estimate the secondary energy value FN, which is called the coefficient C 
method, FN = (1-C) FH and the equation becomes[14]: 

 
                                             
                                                                     

  (4) 

 

                                        (5) 

or: 

                                      (6) 
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With: 

       (7) 

 

II.2 Energy Use in Crusher 
Energy of ring crusher is needed in coal hauling systems. The energy model usage is given in the 

equation. The energy transferred from system comes from the energy resulting on the rotation of the machinery 

in the crusher system. The equation is given in the following form[15]: 

  
 

 
      (8) 

The total energy used by the system in the crusher model is used to through all elements multiplying 

with the values of E and TR and then adding all of the total energy which is required by the system, then: 

   
   

   
       (9) 

From the energy in the crusher conditions when not working load, there is an additional parameter λ 

from the above equation, then: 

   
 

  
 
     

    
           (10) 

 

The conveyor belt parameters are given in the following table 1 which states the conveyor belt 

comparison parameters for various reviews. 

 

Table. 1. The conveyor belt parameters[14] 

 

III. OVERALL EQUIPMENT EFFECTIVENESS (OEE) 

OEE is a method used to measure the effectiveness of a unit of equipment in a company. Measurement 
of effectiveness is important because it helps a manager to see and determine the level of effectiveness from a 

unit of equipment. Table 2 shows the six components of losses that are calculated in a unit of equipment 

consisting of categories of equipment availability, performance and quality[16]. 

 

Table. 2. Six Big Losses[17] 

Six Big Loss Category OEE Loss Category OEE Factor 

Equipment Failure Downtime Losses Availability (A) 

Setup and Adjustment 

Idling and Minor Stoppages Speed Losses Performance (P) 

Reduced Speed 

Reduced Yield Defect Losses Quality (Q) 

Quality Defects 

 

The relationship between OEE and machine maintenance is on performance and maintenance, which 

aims to maintain the productive quality and operational efficiency in the machining unit[18]. The strategy of 

implementing OEE in the machining process is further aimed at seeing responses from company management in 

seeing and assessing potential losses and obstacles in the production process, such as the potential for zero 

production, unwanted production failures and minimizing work hazard[19]. 

 
                                         (11) 

 

Parameter descripsion Symbol Value Unit Parameter descripsion Symbol Value Unit 
Transfer rate Т 2000 t/h Centre-to-centre distance of the belt L 313.25 m 

Density of the material ρ 900 Kg/m3 The net change in elevation H 9.98 m 

Inclination angle δ 1.825 0 Width of the belt B 1400 mm 

Belt speed V 3.15 m/s Average spacing of the carrying idlers a0 1.2 m 

Troughing angle λ 35 0 Average spacing of the return idlers au 3 m 

Forward tilling angle of idlers ε 2 0 Length of skirt boards outside feeder station lsb 4.5 m 

Diameter of carrying idlers Φ 133 mm Diameter of return idlers Φ 133 mm 

Length of carrying idlers La0 530 mm Mass of the moving parts of each carrying 

idler 

qr0 6.3 kg 

Length of return idlers Lau 800 mm Mass of the moving parts of each return idler qru 11.64 kg 

Unit mass of the belt QB 18.73 kg/m Unit mass of rotating parts of carrying idlers QRo 15.75 kg/m 

Unit mass of the load QG 176.37 kg/m Unit of rotating part of return idlers QRu 7.76 kg/m 

Surcharge angle β 30 0 Friction factor between belt and idlers μ0 0.3 0.3-0.4 

Length for forward tilling idlers lr 313.25 m Friction factor between material and belt μ1 0.6 0.5-0.7 

Diameter of the pulley D 0.8 m Friction factor between material and skirt 

board 

μ2 0.6 0.5-0.7 

Inclination coefficient κ 1.0  Friction factor between belt and its cleaners μ3 0.6  

Interval of the skirt boards b1 0,85 m Maximum sectional area A 0.253 m2 

Thickness of the belt d 0.01 m Pressure exerted on belt by belt cleaner P 100000 N/m2 

Friction factor f 0.024  Coefficient of the troughing shape Ce 0.45  

Coefficient of the scraping board Ks 1500 N/m     
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Equation 11 shows the calculation to achieve the value of the effectiveness of the equipment in 

achieving high performance. Then table 3 shows how to calculate based on the equation given above. 

 

Table. 3. OEE Parameters[16] 

Total Time 

Net Available Time Scheduled Downtime 

 

Operating Time 

Downtime Losses 

→ 
  

              

                  
 

Net Operating Time Speed Losses 

→ 
  

                  

              
 →    

             

             
 

Fully Productive 

Time 

Defect 

Losses 
→  

                     

                  
 →  

           

             
 

 

 

Equipment-loss data is used to calculate equipment operational efficiency which consists of time losses 

used to calculate the equipment's ability to work, then speed losses are used to measure equipment effectiveness 

and quality losses are used to compare the quality of the resulting production. All these calculations are given by 

the following equations[17]: 
 

             
                                  

                  
      (12) 

 

            
                           

              
      (13) 

 

        
                                

                  
      (14) 

 

OEE management will increase the productivity of the equipment used. Equipment alertness in 

carrying out operations greatly determines the company productivity and minimizes losses that can occur[20]. 
Periodic maintenance is carried out to keep the productivity of the equipment in good condition and must be 

carried out with the right method, in addition for frequent maintenance in long-term conditions and the limited 

supply of basic materials also greatly affects the quality of production at the company, and it can affect the 

volume and quality of production[17]. 

 

IV. EXPERIMENTS 

The implementation of maintenance management system in the interconnection system in a company is 

very important to increase work efficiency and effectiveness[21]. The Total Quality Management-TQM model 

has a maintenance goal, which is restoring the condition of the equipment to the required condition, so reducing 

the impact of decreasing work quality. According to the theory of maintenance costs, machinery requires 20-35 

% of a company's total production and a maintenance strategy is needed to reduce this impact[22] and the use of 
correct maintenance methods focuses on preventing failures that may occur in a critical impact of production 

and in the implementation of maintenance strategies for continuous system improvement[23]. 
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Fig. 2. Maintenance strategies and tasks[21]. 

 

IV.1 Total Productive Maintenance Concept 

The Total Productive Maintenance (TPM) concept provides an overall maintenance model for machine 

tools, which have the task to prevent equipment failures in operation[24]. TPM method will pay attention to the 

technical condition of the equipment and provide a guarantee much longer and more efficient and the main 

action is to check the condition of the machine in good condition and working properly[25]. 

Implementation of the TPM strategy is more emphasized on understanding the concept of prevention 

that is carried out to prevent failures and production defects and losses. Understanding in the application of this 

concept must also be understood by all employees in a company that aims to help management to achieve the 

so-called three zeros, zero accident, zero damage and zero downtime. 
 

IV.2 Equipment effectiveness assessment 

The overall effective analysis of the equipment is carried out to analyze three factors which include 

availability, machining capacity and work results and also the performance capabilities of each process have 

been determined[26]. Estimated analysis of the entire equipment has resulted in the OEE value in which the 

given equation consists of the comparison of the operating time (tr) and the normal time written on the 

implementation guide (tt). 

  
  

  
 (15) 

Machine performance which shows the productivity of the work is calculated based on the productivity 

of the production in a company (p) multiplied by the time required in a production cycle (tc). And then the 

results are compared with the required operating hours (tr)[27]. 

  
    

  
 (16) 

Production-performance capacity can be decreased by non-dominant factors, such as minor damage to 

the machine or decreased performance function and also influenced by other non-technical factors, such as 

decrease in machine capability, excessive working time of employees, and many other factors. Those factors are 

measured by a good comparison of production results (pa), compared to the overall production (p), against the 

time required[27]. 

  
  

 
 (17) 

The production-planning process which is not good results in waste and resulting losses for the 
company to repair non-conforming products, and other materials. Figure 3 shows the steps that need to be taken, 

such as controlling an effective and efficient production process and minimizing production damage, so it is 

necessary to adjust the total production time compared to the overall execution time and other losses that may 

occur. 
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Fig. 3. Relationship between production time and losses[27]. 

 

IV.3 Research object using OEE method on Coal Handling System 
The research object is taking data on the coal crusher machine in the coal handling system in the steam 

power plant unit, Nagan Raya, Aceh province. Data processing uses the Overall Equipment Effectiveness (OEE) 

method and all data will be processed further. 

 

 
Fig. 4. Coal crusher unit on the coal handling system. 

 

Table. 4. Coal crusher parameters on the coal handling system 
No. Technical Specification 

1. Model HS2400 

2. Output 300t/h 

3. Inlet coal granularity < 70 mm 

4. Outlet coal granularity < 25mm 

5. Type Coiled Spring / Ring Hammer 

6. Motor 200 KW YKK400-8 

7. Coupling quality 350 kg 

8. Motor quality  2500 kg 

 

V. RESULTS AND DISCUSSIONS 

Machine operating time (downtime) is time used during the operation of the production unit reduced by 

the required maintenance time that occurs suddenly while the machine is operating. The operating time of the 

coal crusher unit is 13-14 hours per day which is divided based on work shifts and is reduced by the time for 

machine repairs that occur. The coal crusher downtime data is given in the range of September to January (5 

months) respectively: 

 

Table. 5. Coal crusher downtime data 

Month Total Downtime Coal crusher working hours 

 (Hours) (Hours) 

September 7 13 x 30 = 343 
October 3 13 x 31 = 403 

November 4 14 x 30 = 434 

December 4 13 x 31 = 403 

January 3 13 x 31 = 403 

Scheduled maintenance time (planned downtime) is given to provide certainty of machine operating 

time, which is used to carry out a whole series of activities starting from the production process, maintenance 
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plans and follow-up plans. Time data for planning activities of coal crusher machines in the period from 

September to January are given: 

 

Table. 6. Coal crusher-planed downtime data 

Month Total maintenance time 

 (Hours) 

September 10 
October 11 

November 6 

December 9 

January 7 

 

One period of time to complete the entire production process that produces one type of product requires 

setting up time. Set-up time provides an estimation of the time required, from starting the machine to the end of 

the production process. For the coal crusher machine in the period from September to January, the following 

data are given: 

 

Table. 7. Coal crusher set-up time data 

Month Total Set-Up Time 

 (Hours) 

September 9 
October 8 

November 13 

December 7 

January 6 

 

Data on the overall performance of the coal crusher that produces the steam power plant unit are 

determined by three factors, i.e total available time which is the time availability by the machinery unit to 

produce total production which is calculated in tons/hour, secondly, the total good product which is the total 

production in good and in accordance with the expected criteria and the total reject product which is the total 

number of rejected production due to non-compliance with predetermined specifications. 

 

Table. 8. Coal Crusher Production Time 

Month Time availability Good Product Reject product 
 (Tons/Hour) (Tons) (Tons) 

September 200 x 343 = 68600 198 x 343 = 67914 2 x 343 = 686 

October 195 x 403 = 78585 193 x 403 = 77779 2 x 403 = 806 

November 190 x 434 = 82460 189 x 434 = 82026 1 x 434 = 434 

December 200 x 403 = 80600 197 x 403 = 79391 3 x 403 = 1209 

January 189 x 403 = 76167 187 x 403 = 75361 2 x 403 = 806 

 

V.1 Data processing results 
The operating time of the coal crusher machine is given by the calculation of the Availability rate value 

during the operation of the unit. The table and graph below provide the evaluability of the coal crusher 

availability rate during the operational period from September to January: 

 

Table. 9. Coal crusher Availability Rate 

Month Loading time Operational time Downtime Availability Rate 

 (Hour) (Hour)  (%) 

September 343 154 16 91.57 

October 403 173 11 94.02 

November 434 167 17 98.81 

December 403 180 11 94.24 

January 403 173 9 95.05 
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Table. 10. Coal Crusher Performance Efficiency 

Month Products Operational time Ideal cycle Performance 

 (Ton) (Hour)  (%) 

September 68600 174 200 78 

October 78585 173 195 88 

November 82460 167 190 93 

December 80600 180 200 89 
January 76167 173 189 83 

 

Table. 11. Quality product rate value 

Month Products Reject Quality 

 (Ton) (Ton) (%) 

September 68600 686 99 

October 78585 806 98.97 

November 82460 434 99.4 

December 80600 1209 98.5 

January 76167 806 98.9 

 

V.2 Overall Equipment Effectiveness (OEE) Calculation 

The Overall Equipment Effectiveness (OEE) value is carried out after calculating the values for the 

availability, performance and product quality produced by the coal crusher unit in a power plant. It is important 

to calculate the OEE value and determine the effectiveness of the operational coal crusher. The following data 
provides OEE values for September to January: 

 

Table. 12. Overall Equipment Effectiveness (OEE) Value 

Month Availability Performance Rate of Quality  OEE 

 Rate Efficiency Product (%) 

September 91 78 99 70.2 

October 94 88 98.97 81.8 

November 98 93 99.4 90.5 

December 94 89 98.5 82.4 

January 95 83 98.9 77.9 

 

 
Fig. 5. The Overall Equipment Effectiveness (OEE) Coal Crusher Diagram. 

 

V.3 The Overall Equipment Effectiveness (OEE) Six Big Losses Analysis 

Calculation and Analysis from OEE show Six Big Losses in the production process of a coal crusher 
unit in a power generation system. The further analysis is carried out on the Six Big Losses so that follow-up 

planning will be carried out for improvement and optimization. 
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Table. 13. Six Big Losses-Coal Crusher Factor 

Month Breakdown Setup and Idling and  Reduced Rework Yield/Scrap 

 Losses (%) Adjustment Minor Speed losses Loss Loss 

  Losses (%) Stoppages (%) (RL)  

   losses (%)    

September 7 9 0.020 0.46 0 7.58 

October 3 8 0.017 0.39 0 11.61 
November 4 13 0.009 0.40 1 5.25 

December 4 7 0.009 0.41 0.2 4.46 

January 3 6 0.007 0.39 0 3.28 

Total 21 43 0.062 2.05 1.2 32.12 

 

Table. 14. Cumulative Percentage of Six Big Losses Coal Crusher 

  Total Time Percentage 

No Six Big Losses Losess (%) 

  (Hour)  

1 Breakdown Losses 21 4.2 

2 Setup and Adjustment Losses 43 8.6 
3 Idling and Minor Stoppages losses 21 4.2 

4 Reduced Speed losess 2.05 0.41 

5 Rework Loss (RL) 11 2.2 

6 Yield/Scrap Loss 32.12 6.4 

Total 130.17  

 

 
Fig. 6. Six Big Losses Coal crusher percentage chart. 

 

From the analysis of Six Big Losses data, there is the highest percentage occurred in the setup and 

adjustment losses section at 43%, this happened because during the production process there was a sudden 

engine blackout, and then the smallest percentage value of Six Big Losses is 2% that occur in the reduced speed 
losses having little effect on the performance of machinery. 

 

VI. CONCLUSION 

Overall equipment effectiveness (OEE) data shows values for three components, namely Availability 

Rate, Performance Efficiency and Rate of Quality Product. The highest OEE value occurred in November is 

90.5%, and the highest average value of the Rate of Quality Product is 99.4. The smallest OEE value occurred in 

September is 70.2%, occurred at the highest Rate of the Quality Product value of 99. 

The data on the cumulative percentage of six big losses conclude that the highest production loss time 

occurs in setup and adjustment losses, which is 43 hours, with a ratio of 8.6 percent and the smallest production 

loss value is 2.05 hours on reduced speed losses or 0.41 percent. 

All the provided data concludes that there is a loss of production in some parts of the process that 

caused production process to occur. This process loss occurs due to a sudden stop in machining problems caused 
by many factors or six big losses factors. And there are some insignificant reductions in machinery production 

capacity which have no impact on the production process. 
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