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Abstract- The modelling of abrasive dehusking and 

desanding of a locally fabricated rice processing 

machine was carried out with the aim of establishing 

optimal values for the various parameters such as 

speed, relative velocities (Rh and Ri), abrasive force 

for dehusking (Fd) and impurity removal rate (Fi), 

applied pressure and the efficiency. The machine 

was designed with two rollers, one static and the 

other rotational, both rollers generate the abrasive 

process with an initial feed rate of 0.41 to 0.54N, 

while the applied was maintained at pressure 5000 – 

6620Pa. The relative velocity and the contact area 

between the abrasive surface and rice husk were kept 

constant at 7.5m/s and 2.05 x 10-4 m2 respectively. 

The rate of rice husk removal ranged from 2.5215 to 

3.3385 m3/s, while the rate of impurities removal 

ranged from 3.3553 to 4.4424 m3/s at the above 

pressure. Also, the rate of impurity removal during 

desanding ranged from 2.9616 to 4.73485 m3/s. It 

was observed that the rate of rice husk removal 

ranged from 2.2256 to 3.5610 m3/s, while the rate of 

impurities removal as velocity increased from 5 – 8 

m/s. Initial impurity removal rate was estimated as 

0.0245, but optimization result showed an improved 

husk and impurity removal rate a maximum of 

0.0307, with an efficiency increase of 25.31% at a 

pressure of 6.62 kPa and relative velocity of 8.0m/s. 

Optimization results shows 25% increase in removal 

rates of rice husk and other impurities at same 

energy, the dehusking efficiency improved from 

72.85% to 85.84%. 

 

Indexed Terms- Optimization Efficiency, Rate, 

Removal, Improved, Relative Velocity, Impurity 

 

I. INTRODUCTION 

 

Rice (Oryza sativa), a staple food for a significant 

portion of the world's population, plays a crucial role 

in global food security and nutrition. With origins 

dating back thousands of years, rice cultivation has 

evolved into a sophisticated agricultural practice that 

spans diverse climates and regions. It is a staple food 

that supports more than half of the world's population, 

but requires to go through a series of processes to 

become edible (Li, et al., 2022). Among these is 

dehusking (also called debranning) a very important 

aspect of processing that greatly enhances the quality 

of rice product. However, rice dehusking is an energy-

intensive operation and is susceptible to grain 

breakage (Someswararao et al., 2017). This is 

especially true in friction rice mills (an abrasive type 

of processing), which are most commonly used due to 

their superior dehusking performance. In friction rice 

mills, rice dehusking is achieved through abrasive 

action between rice grains and the machine 

(Buggenhout et al., 2013). Though, excessive pressure 

during dehusking will lead to serious grain breakage, 

inadequate pressure may result in poor efficiency. 

Therefore, a moderate dehusking condition is very 

important for ensuring dehusking quality and 

controlling milling costs. Unfortunately, the 

mechanism of abrasive dehusking between rice grains 

is not well understood, thus moderate dehusking is 

major challenge in the field. It is on this backdrop this 

paper seeks to model the process to ascertain an 

optimal condition for both dehusking and desanding. 

 

According to F.AO. (2010) statistics rice is a staple 

food of well over 90 % of world’s population. This 

implies rice is of very great economic importance to 

many countries including Nigeria. Rice is a staple food 

in Nigeria, and can be grown in almost all states in 

Nigeria and quite easy to cook. Fasoyiro and Taiwo 

(2012) in their work observed that Nigeria rice is 

mainly produced by small-scaled farmers whose 

production output are low as a result of production 

inefficiency, aging farming population, low 

technological know-how, and so on. Uduma et al., 

(2016) observed that the local farmer’s inability to 
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meet up with rice demand (consumption) has given 

rise to the high cost and importation of rice in Nigeria. 

The low productivity of rice and lack of reliable data 

on design of appropriate machineries for farmers is 

occasioned by the use of low technologically 

empowered agricultural equipment that does not 

support large-scale production. The essence of this 

work is to model the process using a machine designed 

for dehusking and desanding to obtain an optimal 

value for efficient processing of rice grains. 

 

II. MATERIALS AND METHODS 

 

2.1: Materials 

The materials required for this analysis are: rice 

processing machine (dehusking and desanding), 

venier calipers, stop watch, particle size analyzer, raw 

rice samples and blower 

 

2.2: Methods  

The approach adopted is to run few processes with the 

machine (photograph as attached below) to obtain few 

values for the modelling. This was carried out 

effectively with the operators in place, thereafter a 

model is developed. 

 

2.2.1: Model Development 

The development of the mathematical model for 

abrasive dehusking and desanding processes in rice 

production involves formulating equations that 

describe the physical and mechanical interactions 

during these processes. 

 

2.2.2:  Formulation of the Dehusking Model 

The abrasive dehusking process can be modeled by 

considering the forces and interactions between the 

abrasive surface and the rice husk. Key parameters 

include the abrasive type, grit size, feed rate, and 

rotational speed. 

 

(i) Force of Abrasion: The force exerted by the 

abrasive particles on the rice husk can be expressed 

as: 

𝐹𝑎 = 𝑘𝑎 ∙ 𝐴 ∙ 𝑃     (1) 

 

Where: 

Fa is the abrasive force. 

 

Ka is the abrasive constant (depends on abrasive 

material and grit size). 

 

A is the contact area between the abrasive and rice 

husk. 

 

P is the pressure applied by the abrasive. 

 

(ii) Husk Removal Rate: The rate at which the 

husk is removed can be modeled as: 

𝑅ℎ = 𝛼𝐹𝑎 ∙ 𝑉     (2) 

Where: 

 

Rh is the husk removal rate. 

 

α is the removal efficiency coefficient. 

 

V is the relative velocity between the abrasive surface 

and rice grain. 

 

2.2.3: Formulation of the Desanding Model 

The desanding process involves removing fine 

particles and impurities from the rice grains. The key 

parameters influencing this process include the 

abrasive type, grit size, feed rate, and operational 

speed. 

 

(i) Force of Abrasion for Desanding: Similar to the 

dehusking model, the force exerted by the abrasive 

particles during desanding can be expressed as: 

𝐹𝑑 = 𝐾𝑑 ∙ 𝐴 ∙ 𝑃     (3) 

 

Where: 

Fd is the desanding abrasive force. 

Kd is the abrasive constant specific to desanding. 

A is the contact area between the abrasive and rice 

grain. 

 

P is the pressure applied by the abrasive. 

(ii) Impurity Removal Rate: The rate of impurity 

removal can be expressed as: 

𝑅𝑖 = 𝛽 ∙ 𝐹𝑑 ∙ 𝜐     (4) 

Where: 

Ri is the impurity removal rate. 

β is the removal efficiency coefficient for desanding. 

V is the relative velocity between the abrasive surface 

and rice grain. 
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2.4: Optimization of Process Parameters 

The optimization of the dehusking and desanding 

processes involves finding the optimal set of 

parameters (abrasive type, grit size, feed rate, 

rotational speed) that maximize efficiency while 

minimizing grain damage. This can be formulated as 

an optimization problem: 

 

Objective Function: 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 η =
𝑅ℎ+𝑅𝑖

𝐸𝑑+𝐸𝑔
    (5) 

Where: 

η is the overall efficiency. 

Rh is the husk removal rate. 

Ri is the impurity removal rate. 

Ed is the energy consumption for dehusking. 

Eg is the energy consumption for desanding. 

 

Substituting equations (2) and (4) into equation (5) in 

terms of the rate of dehusking and rate of impurity, 

yields: 

𝜂 =
𝛼𝐹𝑎𝑣+𝛽𝐹𝑑𝑣

𝐸𝑑+𝐸𝑔
=

𝛼𝐾𝑎𝑣𝐴𝑃+𝛽𝐾𝑑𝐴𝑃𝑣

𝐸𝑑+𝐸𝑔
    (6) 

Further simplification of equation (6) gives the 

objective function as: 

 

Objective Function: 

Maximize 𝜂 =
(𝛼𝐾𝑎+𝛽𝐾𝑑)𝐴𝑃𝑣

𝐸𝑑+𝐸𝑔
   (7a) 

If we let 𝜂 = 𝑦, 𝑃 = 𝑥1, 𝑣 = 𝑥2 and 𝛼𝐾𝑎 + 𝛽𝐾𝑑 = 𝜆, 

then we can rewrite Equation (3.7a) as: 

𝑦 =
𝜆𝑥1𝑥2

𝐸𝑑+𝐸𝑔
     (7b) 

The constraints equation can be obtained by 

combining Equations (1) and (2), as well as Equation 

(3) and (4). Thus, from Equations (1) and (2), we have: 

𝑅ℎ = 𝛼𝐹𝑎𝑣 == 𝛼𝑘𝑎𝑣𝑃𝐴 = 𝛼𝑘𝑎𝑥1𝑥2  (8a) 

Similarly, from Equations (1) and (2), we have: 

𝑅𝑖 = 𝛽𝐹𝑑𝑣 == 𝛽𝑘𝑑𝑣𝑃𝐴 = 𝛽𝑘𝑑𝑥1𝑥2  (8b) 

Therefore, the constraints equations are: 

Constraints 

𝑐1 = 𝛼𝑘𝑎𝑥1𝑥2     (9a) 

𝑐2 = 𝛽𝑘𝑑𝑥1𝑥2     (9b) 

𝑃𝑚𝑖𝑛 ≤ 𝑃 ≤ 𝑃𝑚𝑎𝑥     (9c) 

𝜐𝑚𝑖𝑛 ≤ 𝜐 ≤ 𝜐𝑚𝑎𝑥     (9d) 

 

The constraint equation (9c) denotes the minimum and 

maximum applied abrasive pressure, while constraint 

equation (9d) denotes the minimum and maximum 

relative velocity between the abrasive surface and rice 

grain. 

 

To solve the optimization problem, a structured 

algorithm is created as describe in the flowchart shown 

in Figure 1. First, optimization process begins by 

initializing the all parameters expressed in the 

objective and constraints equations, followed by 

defining the objective function and then, the 

constraints equations. The conditions for stopping the 

iteration are also defined.  If the constraints are met, 

the efficiency is maximized at the optimum values of 

applied pressure (𝑥1) and velocity (𝑥2), or else, the 

iteration continues by adjusting the variables as the 

constraints are not met. When the constraints are met, 

the values of 𝑥1 and 𝑥2 that maximizes the efficiency 

(𝑦) are printed, as well as 𝑦 value.  

 

 
Figure 1: Flowchart for Implementation of 

Optimization Algorithm 

 

III. RESULTS AND DISCUSSIONS 

 

3.1:  Model Results 

The models were utilized to study the variability of 

forces between the abrasive surface and the rice husk, 

as well as the rate of husk and impurity removal at 

various ranges of applied pressures and relative 

velocities.  

 



© MAR 2025 | IRE Journals | Volume 8 Issue 9 | ISSN: 2456-8880 

IRE 1707560          ICONIC RESEARCH AND ENGINEERING JOURNALS 1099 

Table 1: Predicted Abrasive Force and Rate of Husk 

and Impurity Removal at Varying Applied Pressure 
 

Abrasive Force Rate of husk and impurity 

removal at v = 7.5m/s 

P 

(Pa

) 

Fa (N) Fd (N) Rh Ri η 

500

0 

0.41 0.543

25 

2.521

5 

3.355

25 

0.021

77 

527

0 

0.432

14 

0.572

59 

2.657

66 

3.536

43 

0.022

94 

554

0 

0.454

28 

0.601

92 

2.793

82 

3.717

61 

0.024

12 

581

0 

0.476

42 

0.631

26 

2.929

98 

3.898

8 

0.025

29 

608

0 

0.498

56 

0.660

59 

3.066

14 

4.079

98 

0.026

47 

635

0 

0.520

7 

0.689

93 

3.202

31 

4.261

16 

0.027

64 

662

0 

0.542

84 

0.719

26 

3.338

47 

4.442

35 

0.028

82 

 

Table 2: Predicted Rate of Husk and Impurity 

Removal at Varying Velocity 

Rate of husk and impurity removal at P = 

6080 Pa 

v 

(m/s) 

Rh (m3/s) Ri (m3/s) η 

5 2.22564 2.96157 0.01921 

5.5 2.44821 3.25772 0.02113 

6 2.67077 3.55388 0.02305 

6.5 2.89334 3.85004 0.02498 

6.95 3.09365 4.11658 0.0267 

7.5 3.33847 4.44235 0.02882 

8 3.56103 4.7385 0.03074 

 
Figure 2: Plot of Abrasive Force against Applied 

Pressure 

Figure 2 illustrates the variability of the force exerted 

between the abrasive surface and rice husk during 

dehuaking and desanding processes at different 

applied pressures. Throughout the evaluation, the 

relative velocity and the contact area between the 

abrasive surface and rice husk were kept constant at 

7.5m/s and 2.05 x 10-4 m2, respectively.  

 

The profiles indicate that the magnitude of force 

exerted by the abrasive particles during desanding was 

higher than the magnitude of force exerted by the 

abrasive particles during the removal of rice husk. This 

implied that the removal of impurities required a 

relatively higher energy to achieve an effective and 

high performance in the process. While the abrasive 

force for rice husk removal ranged from 0.41 to 0.54N, 

the abrasive force for impurities removal ranged from 

0.54 to 0.72N, at pressure of 5000 – 6620Pa (see Table 

1).  

 

 
Figure 3: Plot of Rate Husk/Impurity Removal 

against Applied Pressure 

 

Figure 3 shows the rate of husk and impurity removal 

at different applied pressures. At constant velocity and 

abrasive surface area, the rate of husk and impurity 

removal increased with increase in magnitude of 

applied pressures. Again, Table 1 indicates that the 

rate of impurity removal during desanding was higher 

than the rate of husk removal. This was expected 

because higher energy is required during the removal 

of impurities compared to the rice dehusking process. 

The rate of rice husk removal ranged from 2.5215 to 

3.3385 m3/s, while the rate of impurities removal 

ranged from 3.3553 to 4.4424 m3/s at pressure range 

of 5000 – 6620Pa.  
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Figure 4: Plot of Rate Husk/Impurity Removal 

against Relative Velocity 

 

Figure 4. shows the rate of husk and impurity removal 

at different velocities and constant applied pressure of 

6080 Pa and abrasive surface area of 2.05 x 10-4 m2. 

The profiles indicate that the rate of husk and impurity 

removal increased with increase in relative velocity. 

From Table 2, the rate of impurity removal during 

desanding was higher than the rate of husk removal at 

any given velocity. This is due to high energy required 

during the removal of impurities compared to the husk 

removal process. Thus, the rate of rice husk removal 

ranged from 2.2256 to 3.5610 m3/s, while the rate of 

impurities removal ranged from 2.9616 to 4.73485 

m3/s as velocity increased from 5 – 8 m/s. 

  

 
Figure 5: Plot of Efficiency against Applied Pressure 

 

Figure 5. shows the trend in overall efficiency rice 

dehusking at different applied pressures and constant 

velocity and abrasive surface area. The profile 

indicates that the overall efficiency of rice dehusking 

process increased with increased magnitude of applied 

pressures. From Table 1, the overall efficiency of rice 

dehusking ranged from 0.022 to 0.029 as pressure 

increased from 5000 – 6620 Pa. 

  

 
Figure 6: Plot of Efficiency against Relative Velocity 

 

Figure 6. shows the overall efficiency of impurity 

removal from the system at different velocities and 

constant pressure applied on constant surface area of 

the abrasion. Similarly, the profile indicates that 

overall efficiency during the rice desanding process 

increased with increased velocity. From Table 2, the 

overall efficiency of rice desanding process ranged 

from 0.0192 to 0.0307 as velocity increased from 5.0 

– 8m/s.  

 

3.2:   Discussion of Results 

The results obtained from this study demonstrate the 

successful development and modeling of an advanced 

rice dehusking and desanding machine, achieving the 

stated objectives. The quality separation technique 

analysis reveals that the abrasive forces for husk 

removal and desanding, calculated as 0.5 N and 0.66 

N, respectively, contributed to efficient impurity 

removal rates of 2.8372 m³/s and 3.78 m³/s. The 

optimization of process parameters confirms the 

effective balance of energy consumption and 

separation performance. From the original data used 

for this study, the efficiency of the husk and impurity 

removal rate was estimated as 0.0245, but the 

optimization result showed that the efficiency of the 

husk and impurity removal rate was maximized to 

0.0307. At this maximized value, the efficiency 

increased by 25.31%. This optimum efficiency 

occurred at applied pressure of 6.62 kPa and relative 

velocity of 8.0m/s.  
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Similarly, at this maximized efficiency, the rates of 

husk removal and impurity removal are 3.561m3/s and 

4.739m3/s, respectively. The abrasive forces for husk 

removal and desanding at the optimized efficiency 

were 0.54 N and 0.72 N, respectively. Overall, the 

optimization results indicated that about 25% further 

increase in removal rates of rice husk and other 

impurities can be achieved at same energy. Moreover, 

the selection of a 1 hp electric motor ensures reliable 

power delivery, aligning with the machine’s functional 

requirements. 

 

The performance evaluation indicates that the 

dehusking efficiency ranged from 72.85% to 85.84%, 

with an increasing trend as the batch weight increased. 

The highest dehusking capacity of 4938 g/min was 

observed in the largest batch, demonstrating the 

machine’s scalability. The comprehensive separation 

flow model effectively integrates dehusking and 

desanding functions, ensuring minimal impurity 

retention and optimizing throughput. In addition, food 

safety assessments affirm that the process efficiently 

removes husks, sand, and other contaminants, 

improving the quality of dehusked rice.  

 

CONCLUSION 

 

The modeling of the process gives an insight into 

optimal value for both desanding and dehusking 

processes. The essence is to design an improved 

version of this machine to maximize efficiency in the 

production process, especially for local production 

industries. Based on the achieved values, the optimal 

values are higher than the actual (calculated) values 

from the machine. From the original data used for this 

study, the efficiency of the husk and impurity removal 

rate was estimated as 0.0245, but the optimization 

result showed that the efficiency of the husk and 

impurity removal rate was maximized to 0.0307. At 

this maximized value, the efficiency increased by 

25.31%. This optimum efficiency occurred at applied 

pressure of 6.62 kPa and relative velocity of 8.0m/s.  

On the overall, the optimization results indicates that 

about 25% further increase in removal rates of rice 

husk and other impurities can be achieved at same 

energy. The performance evaluation indicates that the 

dehusking efficiency can be improved from 72.85% to 

85.84%. 
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