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ABSTRACT 

A design modification of a rubber roller Acha dehusking machine was carried out with the view to reduce the drudgery 

involved in the traditional dehusking method (that is considered laborious and time consuming) and to improve the 

performance parameters of the existing machine for better productivity. The aspects of the existing machine that were 
improved are the adjusting, feeding, belt tensioning and grain cleaning systems. Relevant and standard engineering 

principles and theories were employed in the design, and the fabrication was achieved through simple engineering 
techniques. Evaluation  of the test results revealed that the performance indicators of the modified machine such as the 

throughput, total grain loss, dehusking efficiency, grain recovery efficiency and cleaning efficiency were 53kg/h, 

2.5%,87.3%, 71.5% and 93% respectively. These results were compared with those of the existing machine using t-test (at 
0.05 significant levels) and simple percentage. Significant differences between the modified and the existing machine were 

obtained for the throughput, total grain loss, dehusking efficiency and cleaning efficiency. However, there was no 
significant difference in the two machines for the Acha grain recovery efficiency. The performance indicators of the 

modified machine were found to enhanced those of the existing machine by 140 %, 75.6 %, 25.5 %, 9.5 % and 24 % 

correspondingly.  

Keywords: Acha dehusking; roll gap; feeding mechanism; adjustable mechanism; belt tension mechanism; 

1. INTRODUCTION 

Acha (Digitaria exilis) is a cereal crop of West African origin 

that can be relied upon during the time of food scarcity or 

famine due to its short cropping cycle, vital nutritional values 

and health benefits (Cruz et al., 2011; Jideani and Jideani, 

2011). Depending on the variety, it takes between 60 to 150 

days to grow and bring its grains to maturity, thus providing 

food early in the season when other crops are either scarce or 

not ready for harvest. No wonder it is regarded as the world’s 

fastest maturing cereal (Cruz, 2004). Additionally, Acha 

farming is less demanding as it can be grown on different type 

of low fertile soils (with the exception of clay soil) and can 

tolerate drought conditions (Philip and Itodo, 2006; Cruz et al., 

2011). Research has shown that the methionine content of 

Acha grain is twice that of egg protein (Temple and Bassa, 

1991). And for its nutriceutical properties, it is recommended 

to remedy some health challenges. For example, it is believed 

to improve blood clotting in women after child birth and to 

stimulate milk production in breastfeeding women (Vodouhe 

et al., 2003; Adoukonou-Sagbadja et al., 2006). Furthermore, 

Acha has lower glyceamic index, lower fatty content and high 

concentration of Iron (8.5mg/100mg) and Zinc 

(1.5mg/100gm), and can digest easily, as such it is 

recommended for children with anaemia, the old, the diabetic 

as well as those suffering from stomach diseases (Besançon, 

2000; Cruz, 2004 and Barikmo et al., 2004; Nadia et al., 2009). 

In spite of the aforementioned benefits that can be derived from 

the consumption Acha, the total annual production (250,000 

tons) remains low (Cruz, 2004). One of the major challenges 

hindering the cultivation of Acha grain is the difficulties 

encounter in dehusking the grain owing to its tiny nature. Acha 

paddy measures 1.5 to 1.8mm long and approximately 0.9mm 

wide with specific gravity of 1.47. Traditionally, it is dehusked 

with the help of pestle and mortal. This method is tedious and 

time consuming leading to low productivity and relatively high 

market price as it takes one hour to dehusk 1- 2kg of the grains 

and 400 litre of water to clean 25kg of the grains (Sanogo, 

1995; Fliedel et al., 2004; Cruz, 2004; Cruz et al., 2011; Tokan 

et al., 2012). However, there were attempts by some 

researchers to develop Acha dehusking machine with the view 

to encourage cultivation, increase availability, competitiveness 

and support food security. For instance, in 1987, Akwa a 

Nigerian developed an Acha dehusking machine that uses 

cylinder-concave principle and in 1993, Sanoussi, a 

Senegalese engineer developed an Acha dehusker that uses 

Abrasive fibre to press and rub the paddy against a metal bow 

that serves as the dehusking chamber, when tested, the output 

of the machine was found to be 25 Kg/h (Philip and Itodo 
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2006). Cruz, (2004) reported the use of engelberg machine 

developed by Centre de cooperative Internationale en 

Recherche Agronomique pour ie Developpement (CIRAD) in 

collaboration with Institut d’Economie Rurale (IER) of Mali, 

institut de Recherche Agronomique de Guinea (IRAG) and 

Institut de Recherche en Sciences Appliquees et Technologies 

(IRSAT) of Burkina Faso to dehusk Acha grain. The machine 

has an output of 100 kg/h. However, Marouze’ et al.,(2008), 

argued that using engelberg principle is not suitable for 

dehusking Acha paddy and the Sanoussi’s model produces 

high percent of broken and exfoliated grains (Kaankuka et al., 

2014). Kaankuka et al.  (2015) modified and optimized the 

cylinder-concave type model by considering the effect of 

cylinder type and speed on the performance parameters of the 

modified model. Their results showed that the abrasive paper 

cylinder type gave the best results at an output of 48.67 kg/h 

and speed of 2800 rpm. According to Brian and Alexandra 

(2011), the abrasive paper grits (sand and silicon) dislodges in 

the process and mix with the grains resulting to increase 

impurity. Tokan et al. (2012) developed a two stage type Acha 

dehusking machine and reported that the machine has the 

efficiency of 69 % and capacity of 20 kg/h with high 

percentage of broken grains. Idris et al. (2018a) adopted and 

developed a two pass rubber roller Acha dehusking machine 

that works on the principle of friction, compression, and shear 

forces to dehusk the paddy. Even though the machine recorded 

the efficiency of 70 % at an output of 22 kg/h, it has the 

potentials to remedy the deficiencies noted in the 

aforementioned machines; therefore, this work is aimed at 

modifying the rubber roller Acha dehusker model with the 

view to improved machine efficiency, capacity and to reduce 

percentage scratched and broken grains. 

 

2. MATERIALS AND METHODS 

2.1 Design Concept 

The existing rubber roller model (isometric drawing) shown 

Figure 1(a and b), was evaluated in term of design, 

construction and performance in order to identify the 

possible causes of its low performance and the areas of 

improvement. It was found that, the model has feeding rate, 

roller gap parallelism, husk collection, belt tension, and 

adjustment mechanism problems that need to be addressed 

for better performance.  

 
Figure 1: (a) the isometric and (b) exploded drawing of the existing Acha dehusking machine (Idris et al., 2018a) 

 
2.2 Description of the Modified Rubber Roller Machine  

The modified Acha dehusking machine (isometric drawing) 

shown in Figure 2 (a and b), comprise of three units, a 

feeding unit, a dehusking unit and a separating unit, each of 

which are modify by redesigning or incorporating other 

components that can enhanced the performance of the 

existing machine.  
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Figure 2: (a) Isometric views and (b) Orthographic view of the modified rubber roller Acha dehusking machine 

 

 

2.2.1 The Feeding Unit 

 The feeding unit is made up of a hopper, a metering 

mechanism and a deflector. The hopper is a trapezoidal 

shaped reservoir into which Acha paddy is introduced and 

delivered to the dehusking unit via the metering mechanism 

at its base. The metering mechanism comprised a drum with 

four slots cut along its length, a shaft, and a pulley to drive 

the mechanism. The slots are position at 90o to one another 

along the circumference of the drum. The slots receive a 

given amount of Acha paddy from the hopper and evenly 

conveyed it to the roll gap through the deflector. The 

volume of each slot is such that it contains sufficient amount 

of Acha paddy to be dehusked by one revolution of the 

dehusking drums. Hence, the speed ratio between the 

metering mechanism and the fixed roller was maintained at 

1: 4. 

  

 2.2.2 The Dehusking Unit  

The dehusking unit is designed to be in form of a box that 

houses and supports the three dehusking rollers. Two of the 

rollers are made to be fixed but rotate about their shaft axes. 

The fixed rollers are positioned in parallel, with one above 

the other at some distance apart. The third roller is 

positioned adjacent to and between the fixed rollers. The 

third roller is the adjustable roller connected to a mechanism 

that permits the regulation of the roll gaps between the fixed 

and the adjustable rollers. Between the fixed rollers is a 

deflector that collects the Acha mixture from the first roll 

gap and delivers it to the second roll gap. Each roller is made 

up of a drum wrapped with resilient rubber peg, attached to 

a shaft passing through it longitudinal axis.  

 

2.2.3 The Separating Unit  

The separating unit comprise a ducted conveyor, a 

winnowing fan and a cyclone. The ducted conveyor 

connects the machine outlet chute to the winnowing fan 

casing. The husk from the dehusked mixture is extracted 

from the outlet chute through the ducted conveyor to the 

winnowing fan chamber by air pressure difference created 

by the fan. The air pressure difference also transports the 

husk from the casing to the cyclone through the ducted 

route. The centrifugal force of the inlet mixture (air and 

husk) and the vortexes formed in the cyclone separates the 

air stream from the Acha husk. The air exits through the 

vertical pipe at the top of the cyclone while the Acha husk 

with the help of gravity whirls downward to the chaff 

collector below the cyclone outlet. The winnowing shaft is 

attached to the machine frame via bearing support and it is 

driven by the electric motor that drives the dehusking unit. 

 

2.3 Design Considerations of the Machine Components 

The design analysis of the modified Acha dehusking 

machine was done based on the following considerations: 

the size and weight of the Acha paddy, grains and husk, and 

the quantity of Acha paddy to be fed into the hopper at a 

time, use of locally available materials, portability, 

affordability, ease of operation and maintenance to meet the 

need of our local farmers and small scale processors. 

 

 2.4 Design Calculations 

 The machine components were designed base on standard 

and relevant design equations. 

 

 2.4.1 Determination of Hopper Parameters 

 The hopper was designed to contain 6 kg of Acha paddy 

and to evenly dispense it along the roller’s length. Wedge 

shaped hopper with trapezoidal cross sectional area was 

selected and the hopper parameters were calculated from the 

following equations. 
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 The volume of the hopper to contain 6kg of Acha paddy 

was calculated from equation (1) as given by Muhammad 

and Isiaka (2019). 

𝑉𝐻 =
𝑚𝑎

𝜌𝑎
                        .  .  .                            (1) 

Where:  𝑉𝐻 = Volume of Hopper (m3), 𝑚𝑎 = Mass of Acha 

(kg), 𝜌𝑎 = Density of Acha (kg/m3), 

ma = 6 kg, ρa= 800 kg/m3 

Therefore, 𝑉𝐻 =
6

800
= 0.0075 𝑚3 

Considering 24.5o angle of repose for Acha paddy 

(Kaankuka et al., 2015), the parameters of the wedge shape 

hopper at 30o inclination to the horizontal (to ensure easy 

flow) was determined from equation (2) as given by 

Olugbenga and Joseph (2019a). 

𝑉𝐻 = 𝑉𝑎= 
1

2
(𝐴 + 𝐵)𝐻 × 𝑙                 .  .  .       (2) 

Where: A = Length of the base of the wedge (358 mm), B 

= Length of the truncated part of the wedge (40 mm), H = 

Height of the wedge (159 mm) and 𝑙 = Thickness of the 

wedge (150 mm).                              

 

2.4.2 Determination of metering slot parameters  

Four slots equally spaced around the hub of the metering 

drum were cut through its length and the parameters for the 

slots were calculated from the expressions given by Khurmi 

and Gupta (2005). 

 

The volume of Acha paddy to fill a slot was obtained using 

equation (3) (Idris et al., 2018b).  

 

   𝑉𝑠 =
𝜋𝐷𝑙𝑑

106×𝜌𝑎𝑐𝑙𝑎𝑐
2             .  .  .           (3) 

Where, ρac = Density of Acha paddy, (kg/m3), ld = Length 

of drum, (mm), lac = Length of Acha, (mm), D = Outer 

diameter of roller, (mm), Vs = Volume of slot, (mm3),      

D = 0.12 m, ld = 0.15 m, ρac = 800 kg/m3, lac = 0.0015 m 

Therefore, 𝑉𝑠 =
3.142×0.12×0.15

1000000×800×0.00152 = 0.00003142𝑚3  

The parameters of the slot were computed from the 

following relationship: 

𝑉𝑠 = 𝑙𝑠 × 𝑑𝑠 × 𝑤𝑠             .  .  .         (4) 

Where, ls = Length of slot, (mm), ds= Depth of slot, (mm), 

ws = width of slot, (mm). 

Taking 𝑤𝑠 = 3𝑑𝑠, ls = 0.15 m 

𝑉𝑠 = 𝑙𝑠 × 𝑑𝑠 × 𝑤𝑠 = 0.15 × 3𝑑𝑠
2 = 0.45𝑑𝑠

2
  

Therefore, 𝑑𝑠 = √
0.00003142

0.45
= 0.0083 𝑚𝑚  

𝑤𝑠 = 3 × 0.0083 = 0.0249 𝑚𝑚  

 

2.4.3 Determination of roller parameters 

The forces acting on the drum are the weight of the peg and 

that of Acha paddy around the drum, and was calculated 

using equation (5) as reported by Idris et al. (2018a) 

𝑊𝑑 = ((𝜌𝑟𝑝 × 
𝜋(𝑑𝑜−𝑑𝑖)2

4
× 𝑙𝑟𝑝) + (

𝜋𝐷𝑙𝑑

106× 𝑙𝑎𝑐
2)) × 𝑔  .  .  .(5) 

Where, ρrp = Density of the rubber peg material (kg/m3), 

di=Inner diameter of the rubber peg (m), do= Outer diameter 

of the rubber peg (m), g = Acceleration due to gravity 

(m/s2).  

Ρrp = 1320 kg/m3, do = 0.12 m, di = 0.1 m, lrp = 0.15 m 

𝑊𝑑 = ((𝜌𝑟𝑝 × 
𝜋(𝑑𝑜

2−𝑑𝑖
2)

4
× 𝑙𝑟𝑝) + (

𝜋𝑑𝑜𝑙𝑑

2000𝑙𝑎𝑐
2)) × 𝑔 =

((1320 ×
𝜋(0.122−0.12)

4
× 0.15) + (

𝜋×0.12×0.15

2000×0.00152×1000
)) ×

9.8 = (0.6842 + 0.012566) × 9.8 = 6.828 𝑁  

𝑊𝑑 = 6.828 𝑁  

 The roller drum was considered as a pressure vessel and the 

thickness of the drum was computed using equation (6) as 

given by Shigley and Mischke (2001);  

 

     𝑡 =
𝑃𝑟𝑟

2𝜎𝐴
=

𝑊𝑑

2𝜋𝜎𝑎𝑙𝑟𝑝
            .  .  .         (6) 

 

Where, Pr = Radial pressure around the drum, (N/m2), t = 

Thickness of the roller drum, (mm), σA= Allowable stress, 

(N/m2), r = Radius of the drum, (mm), Wd = Forces acting 

on the drum. (N), lrp = Length of the rubber peg, (mm), 

𝑡 =
6.828

2 × 𝜋 × 56 × 106 × 0.15
= 1.294 × 10−7 𝑚

= 1.293 × 10−4 𝑚𝑚 

𝑡 = 1.24 × 10−4𝑚𝑚  

However, 3mm thickness was selected for convenience. 

 

The drum was mounted on a shaft connected to the driving 

system via pulley. The force exerted on the shaft by the 

drum, peg and Acha paddy was determined from the 

equation (7) (Idris et al., 2018a). 
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𝐹𝑠𝑑 =  𝑊𝑑 + (
𝜋(𝑑𝑑𝑜−𝑑𝑑𝑖)2

4
× 𝑙𝑑 × 𝜌𝑑 × 𝑔) + 2(

𝜋𝑑𝑐
2

4
× 𝑡𝑐  ×

 𝜌𝑑 × 𝑔)            .  .  .        (7) 

Where, Fsd = Forces acting on shaft, (N), 𝜌𝑑 = Density of the 

drum material (Kg/m3), 𝑑𝑑𝑖 = Inner diameter of the drum 

(m), 𝑑𝑑𝑜 = Outer diameter of the drum (m), and tc = 

Thickness of the cover plate (m).  

 

𝐹𝑠𝑑 = 6.828 + (
3.142×0.0062

4
× 0.15 × 7850 × 9.8) +

2(
3.142×0.0942

4
× 0.003 × 7850 × 9.8) =  54.824 𝑁  

 

2.2.4 Determination of the power required to drive the 

rollers 

 
The torque required to rotate each roller is given by (Khurmi 

and Gupta, 2005); 

 

𝑇 = 𝐹𝑠𝑑 × 
𝑑𝑟

2
                   .  .  .                            (8) 

 

Where; T= Torque, (Nm), dr = Overall roller diameter, (m) 

 

𝑇 = 54.834 × 
0.12

2
= 3.29 Nm   

𝑇 = 3.29 𝑁𝑚  

The power required to drive the rollers can be calculated 

from equation (9). 

 

𝑃 = 𝑇 × 𝜔                      .  .  .                        (9) 

 

The angular velocity (𝜔) can be evaluated from the 

equation; 

𝜔 =
2𝜋𝑁

60
                       .  .  .                       (10) 

ω = Angular velocity (rad/s), N = Number of revolution 

(rpm). 

𝜔 =
2×𝜋×1450

60
= 151.84 𝑟𝑎𝑑/𝑠  

𝑃 = 3.29 × 151.84 = 499.57 𝑊  

Thus, the power to drive the three rollers 𝑃𝑟𝑚 = 3P =
1500 𝑊 

The power to drive the feeding unit was calculated using 

equation (11). 

𝑃𝑚𝑑 = ((𝜌𝑑 × 𝜋 × 𝑙𝑑 ×
𝑟𝑓

2

4
) + 6) × 𝑔 × 𝑟𝑓 ×

2𝜋×0.25𝑁

60
 . . .       

(11) 

Where, rf = Radius of the feeding drum (m). rf = 0.04 mm 

Therefore, 

𝑃𝑚𝑑 = ((7850 × 𝜋 ×
0.042 × 0.15

4
)

+ 6) × 0.04 × 9.8 ×
2𝜋 × 362.5

60
= 236.13 𝑊 

The sum of power required to drive the three rollers and the 

metering mechanism was computed using the equation 

below; 

𝑃𝑟𝑚 = 𝑃𝑚𝑑 + 𝑃𝑡𝑟 = 236.13.02 + 1498.71 = 1756.86 𝑊  

2.2.4 Determination of the belt tension 

The belt tensions were obtained from standard belt tension 

equations as reported in Shigley and Mischke (2001). 

(𝑇1 − 𝑇2) =
𝑃𝑟𝑚

𝑣
              .  .  .            (12) 

Where: T1 = Tension on the tight side, (N), T2 = Tension 

on the slack sides of the belt, (N), and v = linear velocity 

of the pulley (m/s). 

(𝑇1 − 𝑇2) =
1756.856

6.6811
= 262.96 N 

The ratio of the tensions on the belt and the coefficient of 

friction between the belt and the pulley computed from the 

relation reported in Shigley and Mischke, (2001). 
𝑇1

𝑇2
 = 𝑒𝜇𝜃𝑐𝑜𝑠𝑒𝑐𝛽                  .  .  .               (13) 

Where µ = Coefficient of friction between the belt and 

pulley, 𝛽 = Angle of groove (rad) and 𝜃 =  angle of 

lap, (𝑟𝑎𝑑) 

Solving equation (12) and (13) simultaneously  
𝑇1

𝑇2
 = 𝑒𝜇𝜃𝑐𝑜𝑠𝑒𝑐𝛽 = 𝑒0.3×(176𝜋/180)×𝑐𝑜𝑠𝑒𝑐17 = 23.3906 

(23.3906𝑇1 − 𝑇1) = 262.96  
 

𝑇1 =
262.96

22.3906
= 11.7442 𝑁  

𝑇2 = 274.7039 𝑁  
 

2.2.6 Determination of the belt length 

The total nominal belt length (Lt) for the belt to be used was 

computed from the belt geometry on the drive system (as 

shown in Figure 3) in conjunction with the expressions 

given by Khurmi and Gupta (2005). 
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Figure 3: Geometry of the belt on the driving system 

The nominal length (L) for an open belt between two 

pulleys can be obtained from the expression; 

𝐿 = 2𝐶 +
𝜋 

2
(𝐷2 + 𝐷1) +[

(𝐷2−𝐷1)2

4𝐶
]         .  .  .       (14) 

Where L = Nominal length of the belt (m), C = Centre 

distance between the pulleys (m), 𝐷2 =
 Diameters of the driven pulleys (m), 𝐷1 =
 Diameters of the driving pulleys, (m). 

The angle of contact of the belt round a pulley for an open 

belt two pulleys system can be determined using the 

expression, as given by Shigley and Mischke (2001); 

𝜃𝐷2,𝐷1
= (180 ± 2 sin−1 (𝐷2−𝐷1)

2𝐶
) ×

𝜋

180
 rad    .  .  .   (15) 

The total belt nominal length, 𝐿𝑇 = 1523 𝑚𝑚, however, 

the nearest to the calculated which is A 62 with 1651 mm 

nominal belt length was selected because the machine was 

design to have a static belt tension links. 

2.2.7 Determination of shaft diameter 

The diameter of the roller shafts that can withstand the 

applied load was determined using the American society of 

Mechanical Engineers (ASME) code as given by Kurmi and 

Gupta (2005).  

 

𝑑3= 
16

𝜋𝑆𝑠
×√((𝑀𝑏𝐾𝑏)2 + (𝑀𝑡𝐾𝑡)2)       .  .  .       (16) 

Where:  d = Diameter of the shaft (mm), Ss= Allowable 

stress for mild steel (42× 106N𝑚−2),   Kb = Combine shock 

and fatigue factor applied to bending Moment, Mb = 

Bending moment (Nm), Kt = Combine shock and fatigue 

factor applied to torsion moment, Mt = Torsion moment 

(Nm). For rotary shafts, subjected to suddenly applied load; 

Kb = 1.5 to 2.0; Kt = 1.0 to 1.5. 

Mb = 23.5 𝑁𝑚, Mt = 3.29 Nm, Kb =1.5, Kt = 1.0 

 

Therefore, 𝑑3 =
16

𝜋×42×106 × √(23.4254 × 1.5)2 + 3.292 

And 𝑑 = 0.0163 𝑚 = 16.3 𝑚𝑚   
d = 16.5 mm however, standard shaft diameter of Ø20 mm 

was selected. 

 

 2.2.8 Bearing selection 

Rolling contact bearing was selected for used to provide 

support to the shaft and permit easy transmission of power 

from the pulley to the roller, winnowing fan and the 

metering units. The selection is based on the fact that rolling 

contact bearing offers some benefits such as ease of 

mounting, low cost of maintenance and requires low 

starting and running torque in addition to its ability to 

withstand momentary shock loads (Khurmi and Gupta, 

2005). Hence, the static equivalent radial load was obtained 

according to equation (17) (Shigley and Mischke, 2001); 

𝑊𝑜𝑅 = 𝑊𝑅𝑋0 + 𝑊𝐴𝑌0              .  .  .             (17) 

Where; 𝑊𝑜𝑅 = Static equivalent radial load, (N), WR = 

Radial load, (N), WA = Axial or Thrust load, (N). X0 = 

Radial load factor, Y0 = Axial or Thrust load factor. 

𝑊𝐴 = 0, X0 = 1, Wp = 8.4217 N 

Where, Wp = Weight of the pulley (N)  

.
.
.𝑊 = 𝑊𝑅 = (2𝑊𝑝 + 𝑊𝑑) × 1 = (2 × 8.4217 +

54.824) = 71.6674  𝑁  

 

The bearing life in revolutions was computed from the 

equation. 

𝐿 =  60 𝑁LH                 .  .  .                         (18) 

Where; L = bearing life, revolution, N = Speed of the 

machine, (rpm), LH = Bearing life, (hrs) 

The life of bearing in hours use for agricultural machines 

according to Khurmi and Gupta (2005) is in the range of 

4000-8000 hours. 

Using the low limit of the expected bearing life in hours 

𝐿𝐻 = 4000 ℎ𝑟𝑠  

𝐿 = 348 × 106 𝑟𝑒𝑣   

The dynamic equivalent radial loading of the bearing can be 

obtained from the equation (18); 

W = X VWR + YWA       .  .  .                 (19) 
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Where; W = Dynamic equivalent radial load, (N), V = 

Rotation factor, X = Dynamic radial load factor, Y = 

Dynamic axial or thrust factor.  

The basic dynamic load rating of the bearing was evaluated 

from the relationship as given by Kurmi and Gupta (2005). 

𝐶 = 𝑊 (
𝐿

106)
1/𝑘

              .  .  .                      (20) 

Where; k = constant whose value depends on the type of 

rolling contact bearing. 

k = 3 for ball bearing 

𝐶 = 504.098 𝑁 

The service factor, 𝐾𝑠 = 1 for uniform and steady loading, 

therefore, the design basic dynamic radial load capacity =
𝐶 × 𝐾𝑠 = 0.504 𝑘𝑁 

This value is far lower than dynamic capacity of 204 types 

with 20 mm core diameter.  

However, from the selected diameter of the shaft, 204 type 

ball bearings with Ø20 mm core diameter were selected for 

the design. 

 

 2.2.8 Determination of separating unit parameters 

The volume of Acha mixture that will pass through the 

outlet chute per second was assumed to be 0.00021 m3 

(based on the amount of Acha that can be dehusked in 24 

revolutions of the roller) and 23 % of the Acha mixture is 

made up of Acha husk (Idris et al., 2018b) 

The velocity with which the mixture falls to the conveyor 

from the dehusking unit was determined from the equation 

given by Tokan et al. (2012); 

𝑣𝑚 = √2𝑔𝑆                 .  .  .                       (21) 

Where, vm = velocity of the falling mixture (m/s), S = 

Distance travel by the falling mixture (m), and g = 

Acceleration due to gravity (m/s2). 

For S = 0.150 m, g = 9.8 m/s2 

.
.
.   𝑉𝑚 = √2𝑔𝑆 = √2 × 9.8 × 0.150 = 1.7146 𝑚/𝑠  

The force with which the Acha grains fall to the conveyor 

was calculated from equation (22) (Shigley and Mischke, 

2001). 

𝐹𝑎𝑔 = 𝑀𝑎𝑔𝑣𝑚              .  .  .                    (22) 

Fag = Force of falling Acha grain (N), Mag = Mass of Acha 

grain (kg). 

.
.
. 𝐹𝑎𝑔 = 𝑀𝑎𝑔𝑣𝑚 = 0.1294 × 1.7146 = 0.2219 𝑁 

𝐹𝑎𝑔 = 0.2219 𝑁 

The force with which the husk fall from the dehusking unit 

was obtained from equation (23) (Idris et al., 2018b). 

𝐹𝑐 = 𝑀𝑐𝑣𝑚                 .  .  .                       (23) 

Fc = Force of falling Acha husk (N), Mc = Mass of falling 

Acha chaff (kg.) 

.
.
. 𝐹𝑐 = 𝑀𝑐𝑣𝑚 = 0.0386 × 1.7146 = 0.0663 𝑁  

𝐹𝑐 = 0.0663 𝑁 

The force required for the separation of the husk from the 

mixture was computed using equation (24) (Idris et al., 

2018b). 

𝐹𝑎𝑔 = 𝜌𝑤𝑄𝑤𝑣𝑤                  .  .  .                (24) 

Ρw = Density of air, (kg/m3), Qw = Flow rate, (m3/s), vw = 

Velocity of air, (m/s). 

The velocity of air required to separate the Acha grain from 

the chaff is given by (Idris et al., 2018a) 

𝑣𝑤 ≤ √
𝐹𝑎𝑔

𝜌𝑤𝐷𝑊
                  .  .  .                   (25) 

𝑣𝑤 ≤ √
0.2219

1.225×0.150×0.150
≤ 2.8368 𝑚/𝑠  

𝑣𝑤 ≤ 2.8368 𝑚/𝑠  

However, the air velocity of 2.4 m/s was selected for the 

separation which is almost same as the value recommended 

by Kaankuka et al. (2015). 

Therefore, the blower speed was calculated from the 

equation below 

𝑣𝑤 =
2𝜋𝑁

60
× 𝑟 

Where; N = Impeller speed, (rpm), r = Radius of the 

impeller fan, (m) 

𝑣𝑤 = 2.4 = 𝜔𝑟 =
2𝜋𝑁

60
× 0.05 = 0.005236 𝑁  

N = 459 𝑟𝑝𝑚   

2.2.8 Determination of cyclone design parameter 

Cyclone separators are systems attached to Agro-processing 

machines that employ centrifugal force to remove 
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particulate matter from gas and/or air stream at low 

processing and maintenance cost. 2D2D cyclone is selected 

for the design due to its popular usage in agricultural 

processing industries (Wang, 2003). The cyclone is 

designed based on the stream of air required to separate the 

Acha grains from the husk. 

The diameter of the cyclone was determined from the 

expression below (Parnell, 1996; Wang, 2003). 

𝐷𝑐 = √
8𝑄

𝑣𝑖
                   .  .  .                 (26) 

Where; Q = Air flow rate, (m3/min), vi = Inlet velocity, 

(m/s), Dc = Cyclone diameter, (m). 

vi = 15 m/s as recommended by Wang (2003). 

𝑄 = 𝐻𝑐 × 𝑊𝑐 × 𝑣𝑤 = 0.15 × 0.15 × 2.4 = 0.05625 𝑚3/𝑠  

Therefore,  

𝐷𝑐 = √
0.05625×8

15
= 0.1732 𝑚  

𝐷𝑐 = 0.1732 𝑚 

The cyclone parameters were determined from the 

expressions given by (Wang, 2003). 

W= Dc/4; Jc = Dc/4; De = Dc/2; Sc = Dc/8; H = Dc/2; Lc 

= 2 × Dc; Zc = 2 × Dc      .  .  .      (27) 

Where; W = Width of the inlet, (mm), Jc = Dust collection 

outlet, (mm), De = Air exist diameter, (mm), Sc = Extension 

of the air exit pipe from the inlet base, (mm), H = Depth of 

the inlet pipe, (mm), Lc = Depth of the cylindrical part, 

(mm), Zc = depth of the conical part, (mm). 

𝑊 =
0.1732

4
= 0.0433 𝑚  

𝐻 =
0.1732

2
= 0.087 𝑚  

𝑆𝑐 =
0.1732

8
= 0.02165 𝑚   

𝐽𝑐 =
0.1732

4
= 0.0433 𝑚   

𝐷𝑒 =
0.1732

2
0.087 𝑚   

𝑍𝑐 = 𝐿𝑐 = 0.1732 × 2 = 0.3464 𝑚   

The number of effective turns is the number of times the air 

whirl in the outer vortex created by the centrifugal effect in 

the cyclone. Wang, (2003) reported that the higher the 

number of effective turns of a cyclone the higher its 

collection efficiency. The number of effective turns was 

calculated from the equation given by (Wang, 2003). 

𝑁𝑒 =
1

𝐻𝑐
(𝐿𝑐 +

𝑍𝑐

2
)               .  .  .              (28) 

Where; Ne = Number of effective turns 

𝑁𝑒 =
1

0.087
(0.3464 +

0.3464

2
) = 5.97 ≈ 6 𝑡𝑢𝑟𝑛𝑠  

𝑁𝑒 = 6 

And the time taken, t (second), for the effective turn Ne, is 

defined by the expression; 

𝑡 =
𝜋𝑁𝑒𝐷𝑐

𝑣𝑖×60
                     .  .  .                      (29) 

 

𝑡 =
3.142×6×0.1732

15×60
= 0.0036 𝑠  

 

𝑡 = 0.0036 𝑠  

The cut point diameter which is the aerodynamic equivalent 

diameter of particles collected with 50% efficiency. The cut 

point diameter base on force balance was calculated from 

the expression given by Lapple (1950). 

𝑑50 = [
9𝜇𝐵𝑐

2𝜋𝑁𝑒(𝜌𝑐−𝜌𝑤)
]

1/2
           .  .  .            (30) 

Where, d50 = Equivalent spherical diameter, (mm), ρc = 

Density of Acha chaff, (kg/m3), ρw = Density of air, (kg/m3), 

µ = Viscosity of air, (kg/ms). 

𝑑50 = [
9×1.86×10−5×0.0433

2×3.142×6(184−1.184)
]

0.5

 = 3.243 × 10−5𝑚 =

32.43 𝜇𝑚  

𝑑50 = 32.43 𝜇𝑚 

The pressure drop was computed from the equation as given 

by Wang (2003). 

∆𝑃 =
1

2
𝜌𝑤𝑣𝑖𝐻𝑣               .  .  .                      (31) 

Where, ∆P = Pressure drop, (Pa) and 

𝐻𝑣 = 𝐾
𝑊𝐻

𝐷𝑑
2 = 16 ×

0.087×0.0433

0.0872
= 8  

∆𝑃 = 0.5 × 1 × 15 × 8 = 60 𝑃𝑎  

∆P = 60 Pa 

The air power requirement was determined by equation; 

 𝑃 = 𝑄∆𝑃                     .  .  .                          (32) 

Where, P = Air power, (W) 
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𝑃 = 𝑄∆𝑃 = 0.05625 × 60 = 3.375 𝑊  

2.3 Machine Construction 

Following the calculated dimensions, the components of the 

machine were constructed using simple manufacturing and 

engineering techniques. The components were finally 

assembled and finished using electric arc welding, 

fasteners, body filling and painting as shown in Figure 4b. 

Electric arc welding process with the aid of 12 gauges 6013 

electrode was used to fabricate the hopper, frame, roller 

assembly and cyclone. Lathe, Milling and drilling machines 

were used to resize and make some holes on the components 

to suit the required dimensions.  

 

 
 

Figure 4: The existing Acha dehusker (a) and the new Acha dehusker after modification (b) 

2.4 Preliminary Test of the Modified Acha Machine 

The machine was switched on, the roll gaps were set at 0.9 

mm, 3 kg of Acha paddy was introduced into the hopper and 

was conveyed to the first roll gap. The compressive and 

shearing forces (resulting from the differential speed of the 

rollers rotating in opposite direction) acting on the paddy 

between the roll gap stripped the grains from the 

surrounding husk. The mixture (i.e  husk, dehusked grains 

and undehusked paddy) falls to another deflector between 

the fixed rollers and was conveyed to the second roll gap 

where part of the undehusked paddy that survived the first 

roll gap was dehusked. The mixture fell to an outlet 

conveyor and slide to the discharge chute where it was 

collected. At the discharge chute, low pressure air draft 

from the winnowing fan separates the husk from the mixture 

and conveyed it through the ducted route that connects the 

discharge chute to the winnowing fan casing, then to the 

cyclone where it was collected. The time taken for the 

operation was recorded. Five of these preliminary tests were 

carried out and in each case, the mixture at the machine and 

cyclone outlets were collected, separated (into husk, 

dehusked grains and undehusked paddy), weighed and 

evaluated for machine performance. 

 

2.5 Performance Evaluation of the Machine 

The performance indices of the dehusker were evaluated 

through the following equations: 

 

2.5.1 Determination of machine throughput 

The machine output was evaluated from the expression, 

Output,  𝑝 =
𝑤𝑡

𝑡
 × 60             .  .  .                 (33) 

Where, 

𝑤𝑡  = Weight of Acha paddy introduced into the hopper, kg 

t = Time taken during for the process, hr 

2.5.2 Determination of Percentage Grain Loss  

The percentage grain loss was calculated from equation 

37; 

𝐸𝑙 =
(𝑤𝑡−(𝑤𝑐+𝑤𝑚𝑐)

𝑤𝑡
× 100       (Kaankuka et al., 2015)                  

.  .  .               (34) 
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Where; wc = Weight of mixture collected at the machine 

outlet (kg) and Wmc = Weight of the mixture collected at 

the cyclone outlet (kg). 

2.5.3 Determination of percentage undehusked grains 

The percentage undehusked, 𝐸𝑢, was calculated from the 

expression; 

𝐸𝑢 =
𝑤𝑢𝑐+𝑤𝑢𝑚𝑐

𝑤𝑡
× 100          (Adisa et al., 2016)             

.  .  .            (35) 

Where,  wuc = Weight of undehusk collected at the 

machine outlet (kg) and Wumc = Weight of undehusk 

collected at the cyclone outlet (kg). 

2.5.4 Determination of machine dehusking efficiency 

The machine dehusking efficiency Em, was calculated 

from expression in equation (36). 

𝐸𝑚 = 100 − 𝐸𝑢          (Kaankuka et al., 2015)                           

.  .  .                     (36) 

2.5.5 Determination of husk cleaning efficiency 

The husk cleaning efficiency of the separating system 𝐸𝑐 , 
was computed using equation (37). 

𝐸𝑐 =
𝑤ℎ𝑚𝑐

𝑤ℎ𝑚𝑐+𝑤ℎ𝑐
× 100      (Adisa et al., 2016)                                                

.  .  .             (37) 

Where, whmc = Weight of husk collected in the cyclone 

outlet (kg), and whc = Weight of husk collected in the 

machine outlet (kg). 

2.5.6 Determination of percentage grain recovery 

The percentage Acha grain recovery R, was computed 

using equation (38). 

 

𝑅 =
𝑤𝑔

𝑤𝑡
                   (Kaankuka et al., 2015)                                                                        

.  .  .                    (38) 

Where; wg = Weight of clean grain collected at the machine 

outlet, (kg) 

2.5.7 Determination of percentage blown grain 

The percentage blown grains Ebl, was computed from 

equation (39). 

 

𝐸𝑏𝑙 =
𝑤𝑏𝑔

𝑤𝑡𝑔
× 100           (Kaankuka et al., 2015)                     

.  .  .                 (39) 

Where, wbg = Weight of gains collected at the cyclone outlet 

(kg), and wtg = Total weight of grains collect at the two 

outlets (kg). 

3. RESULTS AND DISCUSSION 

After the test, each of the collected mixtures was separated 

into husk, undehusked, dehusked grain and broken grain, 

and were individually weighed. The results from the five 

preliminary trials were evaluated for machine performance 

indices. The results revealed that the throughput, total grain 

loss, dehusking efficiency, grain recovery efficiency and 

cleaning efficiency of the modified Acha dehusking 

machine were 53kg/h, 2.50%, 83.7%, 71.5% and 93% 

respectively. These were compared with the performance of 

the existing machine using t-test (at 0.05 level of 

significance) and simple percentage as as presented in Table 

1. The results revealed that there was significant difference 

between the machines for the throughput, total grain loss, 

dehusking efficiency and cleaning efficiency. The 

performance indices of the modified Acha dehusking 

machine were improved by 140%, 75.6%, 25.5%, 9.5% and 

24% respectively. The improvement recorded was due to 

the incorporation of the feeding mechanism that permits the 

delivery of some required amount of Acha into the roll gap 

at a time thereby avoiding excessive paddy flow into the roll 

gap which can lead to high amount of partially or undehusk 

paddy. The increase in the throughput of the modified 

machine was also found to increase with an increase in the 

machine speed as the modified machine was run at the speed 

of 1450 rpm as against 900 rpm used for the existing 

machine. 
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Table 1: Comparative Performance Indices of the Existing and Modified Acha Dehusker 

S/No Parameter Existing 

Machine 

Improved 

Machine 

Percentage 

Improvement 

(%) 

1 Machine capacity, kg/h 22a 53b 140 

2 Percentage Grain loss, % 10.67a 2.50b 76.6 

3 Percentage undehusk, % 27.33a 12.7b 53.5 

4 Machine dehusking efficiency, % 69.55a 87.3b 25.5 

5 Percentage Acha recovery, % 65.32a 71.5a 9.5 

6 Machine husk cleaning efficiency, % 75a 93b 24 

7 Percentage blown Acha grains 10.6a 1.1b 89.6 

8 Percentage broken grains 5a 1.1b 78 
Means having the same letter in the same row are not statistically different from each other at p = 0.05 using t-Test 

 

The percentage dehusking efficiency of the modified 

machine was also improved owing to the proper design of 

the adjustable and feeding mechanism in conjunction with 

the rollers. These remedied the issue of parallelism of the 

roll gap along the length of the roller as was observed in the 

existing machine. Additionally, the increased machine 

speed was also a factor that contributes to the machine 

efficiency. The increase in machine speed intensified the 

shear action on the paddy, thus stripping more grains out of 

their surrounding husk (Kaankuka, et al., 2015; Olugbenga 

and Joseph, 2019b; Omobuwajo, et al., 1999). Moreover, 

this throughput of 53kg/h is higher than those recorded by 

Tokan et al., (2012) and Kaankuka et al. (2015), but less 

than the one reported by Cruiz, (2004) for similar grain. The 

throughput of this model of machine is a function of some 

operational and machine parameters which include the 

feeding rate, diameter and length of the roller, and the 

machine speed. Machine capacity is an important factor in 

the economic appraisal of a machine. Any increment in the 

feeding has to be with caution as it was reported that an 

increase in feeding rate leads to high quantity of sample 

material getting into the roller gap thereby increasing the 

compressive, impact and reduces the shearing effects of the 

relative rotation of the rollers on the grains (Omobuwajo et 
al., 1999). This could result to high percentage of undehusk, 

partially dehusk and broken grains as posited by Olugbenga, 

et al., (2019a) and Olugbenga and Joseph, (2019b). 

The percentage recovery for the modified machine was 

71.5% as against 65.3% reported by Idris et al. (2018a) for 

the existing machine. This improvement can be ascribed to 

the proper design of the adjustable mechanism, roll gap 

setting and the used of more resilient dehusking peg that 

reduced grain breakage to the barest thus, the increase in the 

percentage grain recovery. 

The cleaning efficiency and the percentage blown grain of 

the modified machine were improved by 24% and 89.6% 

respectively. This can be attributed to the incorporation of a 

properly designed separating system. 

 

4. CONCLUSIONS 

An existing rubber roller Acha dehusking machine was 

modified for better machine performance. The areas of the 

machine modified are the roller size, the adjustable 

mechanism, the belt tension mechanism, the separating 

mechanism and cyclone. T-test (at p≤ 0.05 level of 

significant) and simple percentage were used to compare the 

difference between the two machine. From the results, it 

was found that there were significant difference between the 

modified and the existing machine for the indices 

considered except for the grain recovery efficiency. The 

performance indices of the modified machine such as the 

machine throughput, total grain loss, dehusking efficiency, 

grain recovery efficiency and cleaning efficiency were  

improved by 140%, 75.6%, 25.5%, 9.5% and 24% 

respectively. It is therefore recommended that Acha farmers 

and Acha processors adopt this machine for better 

efficiency and throughput which can in turn increase their 

productivity and profit merging. However, there is also the 

need for the operating parameters of the modified machine 

to be optimized in order to identify the best operating 

parameters that will give the best performance indices. 
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