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 Sebuah penelitian menunjukkan bahwa 40% dari pembangkit listrik tenaga uap di 

Indonesia menggunakan batu bara sebagai bahan bakar dalam sistem boiler. 

Jumlah pembangkit listrik yang menggunakan batu bara terus meningkat; pada 

tahun 2030, diperkirakan akan menghasilkan 4.500 GW listrik. Untuk mencapai 

pembakaran yang optimal, bahan bakar batu bara harus berbentuk bubuk. Secara 

umum, proses ini melibatkan penggunaan penghancur untuk mengubah batu bara 

menjadi potongan-potongan kecil, yang kemudian dihaluskan menjadi bubuk 

menggunakan penggiling. Dengan menggunakan model matematika momentum 

linear, pola pemecahan batu bara dapat diprediksi. Studi ini mengklasifikasikan 

keadaan batu bara selama proses transformasi menjadi tiga tahap, yaitu keadaan 

awal, dampak statis, dan efek momentum. Penelitian ini akan berdampak pada 

pemodelan matematika pola pemecahan dan transformasi fisik batu bara saat 

mengalami tabrakan. Oleh karena itu, untuk menghasilkan batu bara dalam 

bentuk bubuk, pendekatan sistem dampak dapat digunakan, bukan hanya 

mengandalkan proses penggilingan seperti yang umumnya dilakukan. 

 

Kata kunci: Pola pemecahan; Tabrakan fisik; Batu bara; Model matematika; 

Momentum linear 
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 A study shows that 40% of steam power plants in Indonesia use coal as a fuel in 

boiler systems. The number of power plants using coal is increasing; in 2030, it 

is estimated to produce 4,500 GW of electricity. The coal fuel for the combustion 

process should be in powder form in order to produce a complete combustion. 

Generally, a crusher is used to produce coal chunks, and then a grinder is 

needed to bring the chunks to powder form. By using a linear momentum 

mathematical model, the coal breaking pattern can be predicted. From this study, 

the state of coal throughout the transformation process could be classified into 3 

stages; initial state, static impact and momentum effect. The above studies would 

influence the mathematical modeling of the breaking pattern, and the 

transformation process in coal physical collision. Therefore, to produce coal in 

the form of powder can be carried out with an impact system, not only a system 

of grinding such as in the grinding process. 

 

Keywords: Break pattern; Physical collision; Coal; Mathematical model, Linear 

momentum 

 

I. INTRODUCTION 

Indonesia is one of the largest coal producing 

countries after Australia [1] with coal reserves of 

more than 25,000 million tones [2] while the 

demand is estimated to continue to rise to more 

than twice in 2030. The International Energy 

Agency estimated that more than 4,500 Giga Watts 

of new energy plants will be required in the same 

year [3]. Similarly, the results of the analysis of the 

"Asia-Pacific Economies Work" showed that it 

will continue to increase until the year 2035 [4] 
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where the portion of coal use currently in the 

global power plants is more than 40% [5]. One of 

the use of the product related to the size of the 

material is coal which is used as boiler fuel to 

drive the turbine power plants where the coal 

particle size affect the combustion process in the 

boiler, the smaller the coal size the easier it will be 

burned out [6], and the combustion process will 

become more perfect. Apart from that, the rest of 

the burning results will be easily released in the air 

[7, 8]. Carbon monoxide produced in coal 

combusion process with larger particle size will be 

higher than the smaller size particles [9]. The 

effect of particle size of the simulation result 

"Computitional Fluid Dynamic" indicates that the 

particles tend to flow more easily because it is 

smaller and has a better distribution in the coal 

combustion process [10]. The theory of brittle 

fracture of material is quite extensive, but is still 

regarded as a basis for fracture and fragmentation 

process which uses modeling of kinetic energy 

impact on coal, and this process is considered as 

transformation of kinetic energy impact. Another 

process to produce coal powder is to use crusher 

instead of impact process [11, 12 and 13]. And in 

general, the process for producing coal into 

powder form at this time is to use grinding or non-

impact processes [14, 15 and 16]. In this research, 

we will apply mathematical modeling of linear 

momentum impact processes to get the size of coal 

into powder. The kinetic energy given will be 

absorbed by coal, causing static and dynamic 

impact so that the coal will be fractured. 

1.1 Physics of Collisions 

Fracture mechanic affects the particle size 

distribution produced. Different methods of 

fragmentation produce different product sizes, 

based on the amount of input energy and the 

loading process. The perception of particle 

size distribution expected result can be 

determined only by the physic collisions [17]. 

In physic, the collision between two objects is 

classified into the effect of a linear central 

impact, the central angle impact and the 

eccentric impact. The important collision 

parameters between the two objects are 
velocity and mass dimension, impact intensity 

and impact area [18]. 

1.2 Linear momentum 

Momentum  ⃗  is a vector quantity that is 

related to the motion of an object. The amount is 

mass and the time of the velocity, in the direction 

of movement in units kgm/s. whereas impulse I is 

a vector quantity related to force, this is an integral 

part of the force during the duration of time. 

Usually, the duration of time is very short, as in the 

collision between two objects, where the unit is 

equal to momentum. For   ⃗⃗ ⃗⃗    is the effect of 

impulses on the body as momentum changes 

(vector size). And   ⃗⃗⃗⃗       ⃗⃗⃗⃗   is the momentum 

before and after the impulse. Impulses and 

momentum in a single particle for the body are 

acted on several forces; that strength can be 

summed up by allied vectors, giving one resultant 

force. This result in acceleration towards the 

resultant force, and then Newton's Second Law can 

be used: 

 
 

Figure 1. Force and Acceleration resultant  

In figure 1, the equation   

 ∑
 i
→       

  ⃗ 

  
, multiplied by  

     i     ∑
 i
→       ⃗  , then the equation of the 

integration is as follows: 

∑∫  i⃗⃗⃗  
  

  
   ∫   ⃗ 

  

  
    ⃗⃗  ⃗-   ⃗⃗  ⃗                              (1)                                                                  

Where:    ⃗⃗⃗⃗   is the velocity at   , for one particle, 

with the impulse we have          this can 

also be written is:  

   ⃗⃗  ⃗ ∑∫  i⃗⃗⃗  
  

  
      ⃗⃗  ⃗                                          (2)                                                                                                        

By using the principle of impulse and momentum, 

vector relationships will be obtained: 

    ∫     
  

  
                                   (3)                                                                            

For linear momentum L is mass multiplied by 

velocity or       where     [19].  

1.3 Kinetic Energy 

Kinetic energy is influenced by velocity [20] 

and material thickness [21] at the time collision 

occurs. Energy produced from these two materials 

is influenced by the angle [22] and shape as well as 

its size where at the center of impact of linear 

momentum the material is the center of collision 

energy [23]; Force   is the cause of mass of 

accelerated material kg/s
2
. Work   is the amount 

of work force on an object so that it experiences 

displacement [24]. Power   is the velocity or rate 

of doing work or work effort of objects per unit of 

time while Energy   is the ability to do work in 

watt hour [25]. Potential energy is the energy 

possessed by an object because of its position in 

the magnetic field or that the system has the effect 

of configuring its parts, and the kinetic energy of 

an object is the energy it possesses because of its 

motion [26]. And mathematically these equations 

can be written as follows: 
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                 (4)    

Where: W is the work joule;   is the 

displacement  ; and F is force  . If work makes 

an angle then            , the kinetic energy 

equation is as follows: 

   
 

 
               (5)  

Where:       is kinetic energy        ;     is the 

mass of the object kg; v is the velocity of the object 

m/s. According to Choi and Lee (2015), the base of 

Newton Law can be written as the following 

relationship: 

                      (6) 

Where:    is the force acting on the body lb and   

is the mass of the body     
    

  
 is the acceleration 

experienced by the body, 
  

  
 or 

 

  
 and   is gravity 

which is     
  

  
  or       

 

  
  Weight is the strength 

of the mass that is given when the ground is 

followed up by gravity acceleration (    ), so 

we can divide each side of this equation with 

gravity to get mass in terms of weight and the 

equation of gravity:(  
 

 
 ). Acceleration can be 

defined as a change in velocity. If   work on an 

object then the object will move equally 

accelerated so that the equation applies as follows: 

               
  
    

 

  
             (7) 

Acceleration is the change in velocity in a given 

unit of time, namely  
 

 
 
 

  
 , so that the equation 

for the effort in the body can be written as follows: 

     (
  
    

 

  
)       

 

 
   

  
 

 
   

       (8) 

And the equation of the relationship between 

work-kinetic energy will be as follows: 

                         (9) 

So the equation for work carried out by force on 

changes in kinetic energy of particles is as follows: 

       
(                           )           (10) 

For the graphical potential energy equation the 

energy possessed by an object due to the influence 

of its position or height is as follows: 

                   (11) 

Where: m is the mass object kg, g is the gravity 

m/s
2
,    is the height of the object m and    is the 

potential of gravitational energy joule [27, 28]. 

II. METHODOLOGY 

The physical mechanism of collisions for 

kinetic energy is based on Newton's second Law 

and the principle of linear momentum. The linear 

momentum method (figure 2) aims to focus the 

impact energy of coal on the ground. 

 

 
 

Figure 2. a), Coal before impact, b) Coal impact, c) 

Coal after impact 

  

Physic of collisions with Newton's second 

Law and linear momentum are the main 

parameters [90] of material fracture processes. 

Effects that occur in coal after a physical process 

of collisions based on the theory of crushing for 

brittle materials, in several stages, namely kinetic 

energy impact condition, kinetic energy impact 

condition and kinetic energy impact condition 

(figure 3), are the process of mathematical coal 

fracture. 

 
Figure 3. Schematic condition III of kinetic energy 

impact system 

 

III. RESULTS AND DISSCUSION 

 

3.1 Kinetic energy impact condition I (    ) 
Kinetic energy impact condition I (    ) in 

the system is a condition of stationary system. This 

condition is a parameter for conditions II and III. 

The equations for power  , kinetic energy    dan 

momentum    are as follows:  

                    (12)  

Where:   is the force kgm/s
2
,   is the mass kg and 

  is the acceleration m/s
-2
. B  c nn c ing N w  n’  

II Law to equation 12 in system condition I, it can 

be expressed as follows: 

                                (13)   

And    
   

   
  ,             ,     

          

Where:    is the force of 10 mm coal in diameter, 

   is the mass of 10 mm coal in diameter,    is the 

acceleration,     is the acceleration change,     is 

the initial velocity,      is the final velocity ,     is 

the change of time,     is the initial time and     is 

the final time of the coal. For the linear momentum 

equation of condition I in the system according to 

the principle momentum equation defined as: 

                    (14) 

(a) (b) (c) 
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Where:    is the momentum kgm/s,   is the mass 

of coal kg and   is the velocity m/s. By connecting 

the linear momentum equation to system condition 

I, the equation becomes: 

  ⃗⃗⃗⃗                                (15)   

Where:   ⃗⃗⃗⃗         is the linear momentum in the 

condition I of 10 mm coal in diameter.  By 

c nn c ing  h   qu  i n  f N w  n’    c n    w 

and the linear momentum equation; when coal 

moves in linear momentum 
 
→  then breaks on the 

wall and is divided into three different parts, so the 

linear momentum eventually becomes  
  
→ 

  
→ 

  
 
→ . 

And it is classified as a collision process, which is 

an impact made by coal against the ground wall. 

For the amount of linear momentum that occurs in 

the system condition I am: 

 
→   

  
→             (16) 

Where: 
 
→  is the initial linear momentum and 

  
→  is 

the final linear momentum, a mixture of   
  
 
→ 

  
 
→   

  
 
→ . By connecting the linear momentum 

equation to the condition system I, the equation 

becomes: 

    
→      

  
   
 

→    
  
    
 

→     
  
     
 

→                 (17) 

Where:  
      
→     is the initial linear momentums of 

10 mm coal in diameter in conditions I and 

  
   
 

→    
  
    
 

→     
  
     
 

→     is the final linear 

momentum of coal at the size of 10 mm in 

diameter. The amount of change in linear 

momentum is the total energy given to the system, 

namely coal that fits the size. With the statement 

that conservation of momentum is the amount of 

momentum interactions which is the total 

momentum before the interaction; connecting 

Newton's second Law to linear momentum and 

acceleration can be defined as: 

         
  

  
  

  (    )

  
  

  ⃗⃗⃗⃗  ⃗

  
    (18)  

Where: F is the force kgm/s
2
,   is the mass kg,   

is the acceleration m/s
2
,    is the velocity change, 

   is the time change and    is the change 

momentum. But since the velocity of the 

momentum changes from the system to the 

condition I is static, so the equation connect 

Newton Law to linear momentum and acceleration 

is: 

              
   

   
  

  (     )

   
  

   ⃗⃗ ⃗⃗⃗⃗ ⃗⃗  

   
      (19)   

Where:               
   

   
  

  (     )

   
 

 
   ⃗⃗ ⃗⃗⃗⃗ ⃗⃗  

   
   is the power connects for linear 

momentum and acceleration at condition I of 10 

mm coal in diameter. And connect the principle of 

kinetic energy to linear momentum [26, 27] which 

can be written as follows: 

   
 

 
     

(   ) 

   
 

  ⃗⃗⃗⃗  ⃗

   
          (20)   

Where:     is the kinetic energy joule, m is the 

mass kg, v is the velocity m/s and    is the 

momentum kgm/s. And to connect between the 

kinetic energy of the impact process expressed as 

the impact of kinetic energy and the linear 

momentum of condition I while the system in 

static condition can be written as: 

     
 

 
      

  
(     )

 

    
 

  
 ⃗⃗⃗⃗  ⃗

    
            (21)  

Where:      
 

 
      

  
(     )

 

    
 

  
 

    
   is 

the impact of kinetic energy on condition I of 10 

mm coal in diameter. The distance and altitude 

parameters are to complete the system under 

condition I. The equation of 21 illustrates that if all 

parameters are given a certain value then it will 

produce kinetic energy which equal to zero 0 or 

equal to potential energy which means the position 

of coal in static condition. 

 

3.2 Kinetic Energy Impact Condition II (    ) 
Kinetic energy Impact condition II (    ) is 

a condition where the system has worked. The 

collision between the two solids is known as an 

impact. Time relationship determines the impact 

analysis. When the time relationship is large 

enough then there is a significant change in the 

system configuration and is considered to be an 

applicable impact [28]. So the change in condition 

I to condition II in the system is defined as follows:  

                                (22)  

   
   

   
            (23)  

                                  (24)  

                           (25)  

Where:      is the power of the system at condition 

II,    is the mass of coal 10 mm in diameter,    is 

the acceleration of coal,     is the change of coal 

velocity,    is the initial velocity of coal,      is 

the final velocity of coal,     is the change of coal 

time,     is the initial period of coal and     is the 

final end of the coal at condition II. And the 

equation for the linear momentum that occurs in 

condition II is: 

  ⃗⃗⃗⃗                                      (26)      

Where:   ⃗⃗⃗⃗        is the linear momentum of 

coal 10 mm in diameter at condition II. By 

connecting equations 12 and equation 16, the 

linear momentum changes to: 

  ⃗⃗ ⃗⃗    
→     

  ⃗⃗ ⃗⃗      
 

→    
  ⃗⃗ ⃗⃗      
 

→     
  ⃗⃗ ⃗⃗       
 

→                            (27) 

Where 
    
→    the initial linear momentum of 10 mm 

is coal in diameter, and 
  ⃗⃗ ⃗⃗    
→     

  ⃗⃗ ⃗⃗      
 

→    
  ⃗⃗ ⃗⃗      
 

→     

  ⃗⃗ ⃗⃗       
 

→      is the final linear momentum of coal in 

condition II. For the equation of the total change of 

linear momentum are: 
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  (     )

   
  

   ⃗⃗ ⃗⃗⃗⃗ ⃗⃗  

   
       (28)      

Where:               
   

   
  

  (     )

   
  

   ⃗⃗ ⃗⃗⃗⃗ ⃗⃗  

   
 

is the relationship between linear momentum 

power and acceleration coal at condition II. And 

the relationship between kinetic energy with the 

linear momentum of the system in condition II is: 

     
 

 
      

  
(     )

 

    
 

  
 ⃗⃗⃗⃗  ⃗

    
         (29)

                     

Where:      
 

 
        

  
(       )

 

      
 

  
 ⃗⃗⃗⃗  ⃗

      
 is 

Kinetic energy system suppression in the condition 

II coal 10 mm in diameter. This condition is 

expressed as static initial impact of coal against the 

wall. The equation of 29 illustrates that if given a 

force value with a certain value then coal will have 

a certain kinetic energy value which means that the 

coal position moves with a certain velocity as far 

as the path to the breaking wall as an impact point 

where in this condition the coal experiences static 

impact. In the II coal condition there has not been a 

change in form   because the linear momentum 

generated is very small. 

 

3.3 Kinetic Energy Impact Condition III (    ) 
For systems in condition III, the Newton II 

Law equation is stated as follows: 

                                          (30)   

   
   

   
                         (31)  

                                   (32)  

                                    (33) 

Where: :    is the III coal power system condition, 

   is the beginning of coal,     is a change in 

velocity,      is the initial rate,     is the final 

system,     is a period change,     is the initial 

period and     is the final period of system 

condition III. While for the linear momentum 

equation the system in condition III is stated as 

follows: 

  ⃗⃗⃗⃗                                (34)   

Where:    ⃗⃗⃗⃗         is the momentum of linear 

system condition III of mm coal 10 in diameter. 

And for velocity system condition III, the linear 

momentum equation becomes: 

  ⃗⃗ ⃗⃗    
→     

  ⃗⃗ ⃗⃗      
 

→    
  ⃗⃗ ⃗⃗      
 

→     
  ⃗⃗ ⃗⃗       
 

→                            (35)   

Where:    ⃗⃗⃗⃗    is linear momentum starting from 

coal 10 mm in system diameter conditions III, and 

  ⃗⃗ ⃗⃗    
→     

  ⃗⃗ ⃗⃗      
 

→    
  ⃗⃗ ⃗⃗      
 

→     
  ⃗⃗ ⃗⃗       
 

→      is the final 

momentum of condition III of coal system. So the 

relationship between Newton II Law, linear 

momentum and system fracture in condition III are: 

              
   

   
  

  (     )

   
  

   ⃗⃗ ⃗⃗⃗⃗ ⃗⃗  

   
(36)                  

  

Where:               
   

   
  

  (     )

   
  

   ⃗⃗ ⃗⃗⃗⃗ ⃗⃗  

   
  

is the power relationship in linear momentum and 

fracture system condition III of coal 10 mm in 

diameter. Whereas the relationship of kinetic 

energy to the linear momentum of system 

condition III is: 

     
 

 
      

  
(     )

 

    
 

  
 ⃗⃗⃗⃗  ⃗

    
          (37)  

Where:      
 

 
      

  
(     )

 

    
 

  
 ⃗⃗⃗⃗  ⃗

    
 is the 

kinetic energy system condition III of coal 10 mm 

in diameter. And this condition is expressed as a 

split starting, because it has experienced an impact 

process, according to changes in force equations, 

linear momentum and kinetic energy impact. The 

equation of 37 illustrates that coal has experienced 

static impact. So that the kinetic energy absorbed 

by coal at the point of impact will cause coal to 

experience dynamic impact. In this condition the 

coal changes its shape or breaks. The coal fracture 

is caused by kinetic energy received by coal is 

greater than its energy density. 

 

CONCLUSION 

The application of this mathematical model 

can predict coal fracture patterns. The coal fracture 

patterns can be predicted with three conditions, 

namely coal in static conditions, coal experiencing 

static impact and the coal experienced dynamic 

impact that caused by kinetic energy absorption. 
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