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 Abstract 

Diabetes, adjudged a risk factor for coronavirus infectious disease 2019 (COVID-19), can be managed 

through consumption of plantain and its associated products. Plantain is usually processed into flour 

and other storable/value-added products due to its very short shelf-life. To process unripe plantain 

pulps into flour, there is a need for size reduction after drying. This paper presents the development 

and performance evaluation of a size reduction unit for pulverizing, sieving and conveying material to 

the next processing stage in a plantain flour process plant. Its model was developed using solidworks 

application software. After design analysis, the model was simulated to establish its suitability/ade-

quacy for fabrication. The pulverizer was fabricated using locally available materials. Its performance 

evaluation gave 400kg/h throughput, 96% crushing efficiency and 96% efficiency based on the re-

quired particle size. The average particle size of flour obtained was 236μm using 500μm screen. Effect 

of cyclone control-valve on the pulverizer’s overall efficiency was also investigated by allowing it to 

operate when the valve was completely closed, partially closed and fully opened. It was observed that 

the control-valve’s positions significantly influenced the machine’s performance/efficiency. It can 

thus be inferred that the position of cyclone control-valve has significant effect on a pulverizer’s effi-

ciency/performance. Hence, leaving control-valve fully opened during operation would help a pulver-

izer perform with optimum efficiency, as the pulverizer was able to convey material, efficiently in that 

position, to the next processing stage during performance evaluation. 
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1. Introduction 

The management of diabetes without negative side effects 

is said to be a challenge in the world (Ajiboye et al., 2018; 

Olutomilola, 2021). Diabetes, adjudged a risk factor for 

COVID-19 (Seewoodhary and Oozageer, 2020; Adeyeri et al., 

2020), has been associated with worse outcomes in COVID-

19 patients (Hussain et al., 2020). Its presence is also associ-

ated with increased mortality among COVID-19 patients 

(Olutomilola et al., 2019; Wang et al., 2020). Diabetes is said 

to be among the five leading causes of deaths and debilitating 

diseases on earth (Oluwajuyitan and Ijarotimi, 2019). How-

ever, plantain is found to be very effective and affordable for 

managing diabetes mellitus without adverse side effects (Olu-

wajuyitan and Ijarotimi, 2019; Olutomilola et al., 2020).  

Consumption of plantain and its associated products seems 

to be one of the promising ways to weaken and win the war 

against COVID-19, following the recommendation of unripe 

plantain flour for dietary management of diabetes mellitus 

(Olutomilola, 2021). The quest to manage diabetes mellitus 

and mitigate the alarming postharvest losses of plantain in Ni-

geria (the fifth largest producer of plantain in the world) gave 

birth to this research work. The study shows that postharvest 

losses of plantain usually range from 5% to over 50% in Ni-

geria (Morris et al., 2019; Olutomilola et al., 2021; Olutomi-

lola, 2021). Plantain is usually processed into flour and other 

storable or value-added products due to its perishable nature 

and to ease transportation from one location to another for 

commercial purposes (Olutomilola and Omoaka, 2018; 

Olutomilola et al., 2020). The alarming postharvest losses of 
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plantain, increasing market demand for plantain and its by-

products, and being the fourth most important crop on earth 

(Olutomilola et al., 2021; Alonso-Gomez et al., 2020), neces-

sitated that a plant be developed in Nigeria for processing the 

crop into flour (Ayodeji, 2016). The process plant should con-

sist of different units that will handle all the processes in-

volved in processing unripe plantain into flour, one of which 

is a size reduction or pulverizing unit.  

There are different size reduction methods for dry solid food 

materials: disc or bur mill, ball mill, hammer mill and roller 

mill. In all of these size reduction methods, there are three 

types of forces that are used to effect size reduction of food 

materials: compression, impact and shearing (or attrition) 

forces. It is a known fact that hammer mills, due to their high 

throughput rates and ability to grind different materials, are 

the most widely used size reduction equipment for dry mate-

rials (Probst et al., 2013). Hammer mill consists of a feed inlet 

(which is arranged so that the operator cannot put his hand in-

side the hammer mill), a horizontal cylindrical chamber, 

a high-speed rotor, an electric motor and a belt drive. Accord-

ing to Kock (2002) and Fenchea (2012), rotor usually consists 

of a main shaft, three disks (which are mounted on the main 

shaft), pin shafts (which run parallel to the main shaft and 

through the rotor) and free-swinging hammers (known as beat-

ers) or fixed hammers, which are suspended from the pin 

shafts. 

2. Literature review 

Many researchers have developed hammer mills which can 

be adopted for milling dry plantain pulps in a plantain flour 

production and packaging plant. Nasir (2005) developed 

a hammer mill from locally available materials for grinding 

dry farm produce, which had a crushing efficiency of 96% and 

a crushing capacity of 31 kg/hr. Ebunilo et al. (2010) devel-

oped a hammer mill with end-suction lift capability for pro-

cessing grains and minerals. Jibrin et al. (2013) developed 

a hammer mill for crushing crop residues for the purpose of 

animal feed. Ogedengbe and Abadariki (2014) developed 

a hammer mill for pulverizing animal bone into bone-meal, 

which was able to pulverize at an average rate of 4.68 g/s. Ad-

ekomaya and Samuel (2014) developed a petrol-powered 

hammer mill for small scale industries and rural farmers in Ni-

geria, with a crushing efficiency of 94%. Ajaka and Adesina 

(2014) developed a laboratory size hammer mill from locally 

available materials for crushing minerals whose principle of 

operation can perfectly work for pulverizing dry plantain 

pulps. Adetola and Oyejide (2015) developed a hammer mill, 

with 86.9% crushing efficiency, for pulverizing cow bone 

which was incorporated with safety hollow for housing hard 

foreign materials that are different from bones. Mohamed et 

al. (2015) developed a hammer mill for crushing and pulver-

izing grains, rice straw, cotton straw and other materials, with 

a crushing efficiency of 94.7%. Moreover, Hadi et al. (2017) 

developed an improved hammer mill by redesigning the beat-

ers, milling chamber shape and the shaft. The shaft was rede-

signed to allow incorporation of variable speed gasoline en-

gine as a replacement for electric motor and an average 

crushing efficiency of 92.47% was obtained. Hence, the de-

sign and principle of operation of the machines developed by 

these aforementioned researchers as well as the outcomes of 

their studies were very helpful in developing a pulverizer for 

the plantain processing plant. Despite the successes recorded 

by these aforementioned researchers, it is still necessary to de-

velop a unit, using locally available materials (for easy mainte-

nance and cost-effectiveness), which will be able to pulverize 

dried plantain pulp, sieve it and then convey it to the next pro-

cessing stage in a plantain flour production and packaging 

plant. This is the goal of this research work.  

3. Methods and materials 

3.1. Description and operation of the pulverizer 

The pulverizer is a gravity feed and pneumatic-gravity dis-

charge type of hammer mill. Hammer mill was selected be-

cause of its high throughput rates and ability to grind different 

dry materials (Probst et al., 2013). It consists of a feed inlet or 

hopper, the milling chamber, a high-speed rotor, a 500μm 

screen or sieve, an electric motor, two v-belts, two pulleys, a 

belt safety-guard, supporting frame, suction-fan assembly, 

pipes and elbows, a cyclone, a control-valve for cyclone, two 

pillow block bearings, three baft bags, and cyclone stand as 

shown in Fig. 1. The rotor consists of a main shaft, four ham-

mer mounting rods (which run parallel to the main shaft and 

through the rotor), three hammer mounting plates (which are 

mounted on the main shaft to help secure the hammer mount-

ing rods), free-swinging hammers (known as beaters, which 

are suspended from the hammer mounting rods) and spacers. 

The hammer mounting rods are fitted into drilled-holes on the 

mounting plates. The pulverizer is driven by a 1460 rpm, one 

phase and 3.69 kW electric motor.  

The dry plantain pulps to be pulverized are fed into the hop-

per and travel through the inlet housing into the milling cham-

ber, where particle reduction takes place as a result of the cen-

trifugal force impacted on them by the beaters. The pulverized 

pulps are screened out of the milling compartment through the 

outlet housing, where they are sucked and thrown through 

pipes into cyclone by the suction-fan – mounted on the main 

shaft outside the milling chamber. The uniqueness of this ma-

chine is in the fact that the suction-fan is also powered by the 

main shaft, while the cyclone is provided with control-value. 

This paved way for the investigation of cyclone-control-value 

effect on the machine’s performance, to which past research-

ers did not pay attention.  

The plantain pulps remain in the milling chamber until their 

particles are small enough to go through the screen. The screen 

was placed at 180° across the bottom of the milling chamber 

for easy replacement and to allow operator to turn it in order 

to expose new sharp edges. The passage and discharge of flour 

through the screen was assisted by a suction-fan, which was 

attached to the main shaft of the pulverizer. The fan helped air 

to flow through the screen of the pulverizer so as to improve 

its operations; prevent the screen from blinding or blocking; 

prevent heat buildup within the pulverizer; increase the capac-
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ity of the pulverizer; and provide dust control for the pulver-

izer. The degree of fineness of the flour obtained is controlled 

by the rotor’s speed, number of beaters and size of holes on 

the screen. According to Agriculture Canada (2012), the rela-

tions to derive a fine and coarse end products are given by 

Equations (1) and (2) respectively. 

Fine end product = Fast shaft speed + Small screen hole + 

Large number of hammers             (1) 

Coarse end product = Slower shaft + Large screen hole + 

Fewer number of hammers             (2) 

 
Fig. 1. Isometric view of the pulverizer 

3.2. Design analysis of the pulverizer 

Swinging hammers were selected for the pulverizer in order 

to prevent the rotor or hammers from becoming stocked within 

the plantain pulps, and for easy replacement and reusability. 

Thus, if one end of a beater is worn-out, the other end can be 

used (Ajaka and Adesina, 2014). The hammers were separated 

by spacers, which are round pipes of 20mm outside diameter, 

12.1 mm inside diameter and length 10mm. For optimum 

grinding performance, longevity and to reduce centrifugal 

force, beaters of width 50 mm, length 75 mm and thickness 

4mm were selected. Each beater has 12.1 mm drilled hole on 

one of its ends and all the hammers were of the same weight 

as suggested by Mitchell and Mwanza (2005), Agriculture 

Canada (2012), Dey et al. (2013) and Bliss (2017). Fig. 2 

shows the geometry and dimensions of each beater. 

Stainless steel sheet of thickness 4mm was selected for the 

pulverizer’s housing and hopper so as to eliminate food con-

tamination and minimize vibration. 

 

Fig. 2. Beater geometry and dimensions 

Based on the recommendations of Kock (2002), Agriculture 

Canada (2012) and Bliss (2017), a rotor’s diameter of 251.6 

mm (measured from hammer tip to hammer tip), a rotor’s 

speed of 2920 rpm; a screen area of 105600 mm2 (that is, a 

rectangular screen of length 400 mm and width 264 mm) and 

twelve (12) beaters for every one horse power were selected 

for the pulverizer for 24 hours operation per day. A clearance 

of 1 mm between the beater tips and the screen was selected. 

Each hammer mounting plate is a square plate of length 150 

mm and thickness 10 mm. The pitch circle diameter (PCD) on 

the mounting plate was selected to be 125.8 mm based on the 

selected rotor’s diameter and hammer’s length. The diameter 

of each hammer mounting rod is 12mm.  

The screen diameter was determined as 253.6 mm by using 

Equation (3), through which an inside or internal diameter of 

365.6 mm was selected for the milling chamber. Hence, the 

internal and external widths of the milling chamber were de-

termined as 264 mm and 272 mm using Equation (4) and (5) 

respectively. 

𝐷𝑠𝑐𝑟𝑒𝑒𝑛 = 𝐷𝑟𝑜𝑡𝑜𝑟 + (2 × 𝑑ℎ𝑡,𝑠𝑐𝑟𝑒𝑒𝑛)          (3) 

 

𝑊𝑖𝑚𝑐 = (𝑡𝑏𝑒𝑎𝑡𝑒𝑟 × 𝑁𝑏𝑝𝑟) + (𝐿𝑠𝑝𝑎𝑐𝑒𝑟 × 𝑁𝑠𝑝𝑟) + (𝑁𝑚𝑝𝑙𝑎𝑡𝑒 ×

𝑡 𝑚𝑝𝑙𝑎𝑡𝑒) + (2 × 𝐶𝑟𝑚𝑝)            (4) 

 

𝑊𝐸𝑥𝑚𝑐 = 𝑊𝑖𝑚𝑐 + (2 × 𝑡𝑚𝑐)           (5) 

The length of the main shaft and the length of each hammer 

mounting rod were determined as 542 mm and 260 mm using 

Equation (6) and (7) respectively. 

𝐿𝑀𝑆 = 𝑊𝐸𝑥𝑚𝑐 + 𝐿𝑝𝑢𝑙𝑙𝑒𝑦 + (2 × 𝐵𝑤) + 𝐿𝑓𝑠           (6) 

𝐿ℎ𝑟 = 𝑊𝑖𝑚𝑐 − (2 × 𝐶𝑟𝑚𝑝)              (7) 

Where: 𝑊𝑖𝑚𝑐 is the internal width of milling chamber; 𝑡𝑏𝑒𝑎𝑡𝑒𝑟 

is beater’s thickness, which is 4 mm; 𝑁𝑏𝑝𝑟 is the number of 

beaters per rod, which is 15; 𝐿𝑠𝑝𝑎𝑐𝑒𝑟 is the length of spacer, 

which is 10 mm; 𝑁𝑠𝑝𝑟 is the number of spacers per rod, which 

is 17; 𝑁𝑟𝑝𝑙𝑎𝑡𝑒 is the number of rod plates, which is 3; 𝑡 𝑟𝑝𝑙𝑎𝑡𝑒 is 

the thickness of rod plate, which is 10 mm; 𝐶𝑟𝑚𝑝 is the clear-

ance between rod mounting plates and milling chamber, which 

is 2 mm; 𝑊𝐸𝑥𝑚𝑐 is the external width of milling chamber; 𝑡𝑚𝑐 
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is the thickness of milling chamber, which is 4 mm; 𝐿𝑀𝑆 is the 

length of main shaft; 𝐿𝑝𝑢𝑙𝑙𝑒𝑦 is the length of pulley, which is 

100 mm; 𝐵𝑤 is the bearing width, which is 50 mm; 𝐿𝑓𝑠 is the 

length of fan shaft, which is 70 mm; 𝐷𝑠𝑐𝑟𝑒𝑒𝑛 is the screen di-

ameter; 𝑑ℎ𝑡,𝑠𝑐𝑟𝑒𝑒𝑛 is the distance between hammer tips and 

screen, which is 1 mm; and 𝐿ℎ𝑟 is the length of each hammer 

rod. 

3.2.1. Design of pulverizer hopper 

The hopper is a stainless steel structure, which is a hollow 

frustum of a rectangular-based pyramid as shown in Fig. 3. 

The hopper is made of stainless steel sheet of thickness 3 mm. 

According to CEMC (2012), the volume of the hopper (Vmℎ) 

was estimated to be 33661951.2 mm3 using Equation (8).  

Vmℎ = {(𝐴 × 𝐵) + (𝐶 × 𝐷) + √(𝐴 × 𝐵) + (𝐶 × 𝐷)}
𝐻

3
   (8) 

Where: H is the height of the pulverizer hopper, which is 500 

mm; A is the length of the hopper’s top, which is 600 mm; B 

is the width of the hopper’s top, which is 230 mm; C is the 

length of the hopper’s bottom, which is 230 mm; and D is the 

width of the hopper’s bottom, which is 230 mm.   

 
Fig. 3. Pulverizer hopper 

3.2.2. Design of belt drive for the pulverizer 

The Speed ratio of the belt drive was determined to be 2 us-

ing Equation (9) and design power (𝑃𝐷) for the belt drive was 

obtained as 5.968 kW from Equation (10) by selecting a Ser-

vice Factor (SF) of 1.6 for the pulverizer (Fenner, 2009). Thus, 

a belt of SPZ or QXPZ cross section was chosen. After estab-

lishing a minimum pitch diameter of 67 mm for the pulleys, 

pulleys of 160 mm and 80 mm pitch diameters were selected 

(from Centre distance tables for SPZ and QXPZ cross section 

wedge-belts) for the electric motor and rotor’s main shaft re-

spectively. 

𝑆𝑅𝑚𝑖𝑙𝑙 = 𝑁𝑟𝑠𝑝 𝑁𝑚𝑝⁄      (9) 

𝑃𝐷 = 𝑃𝑚 × 𝑆𝐹     (10) 

Where: 𝑆𝑅𝑚𝑖𝑙𝑙  is the speed ratio of rotors’ pulley to electrc 

motor’s pulley; 𝑁𝑟𝑠𝑝 is the rotational speed of the rotors’ shaft 

pulley; and 𝑁𝑚𝑝 is the speed of electric motor’s pulley. 

According to Childs (2004), Fenner (2009) and Udo et al. 

(2015), the minimum and maximum centre distances of the 

two pulleys were estimated to be 140 mm and 480 mm using 

Equation (11) and (12) respectively. It was ensured that the 

centre distance selected was greater than the diameter of the 

larger pulley as recommended. Hence, a center distance of 435 

mm, which satisfied Equation (14), was selected in order to 

balance the weight of the pulverizer; a corresponding correc-

tion factor of 0.95 was also selected; while the belt length, LB, 

was obtained as 1251 mm by using Equation (15). Moreover, 

the power rating per belt, corrected power per belt and number 

of belts required to drive the pulverizer’s rotor were calculated 

as 3.69 kW, 3.51 kW and 2 by using Equation (16), (17) and 

(18) respectively. From Power Ratings and Additional Power 

Ratings tables for SPZ belt Section, rated power per belt was 

estimated to be 3.235 kW; while additional power was esti-

mated to be 0.45 kW. 

𝐶𝑑,𝑚𝑖𝑛 = 0.55(𝐷rsP + 𝐷𝑚𝑝) + 𝑡𝑏𝑒𝑙𝑡   (11) 

𝐶𝑑,𝑚𝑎𝑥 = 2(𝐷rsP + 𝐷𝑚𝑝)    (12) 

𝐶𝑑,𝑎𝑣𝑒 =
𝐶𝑑,𝑚𝑖𝑛+𝐶𝑑,𝑚𝑎𝑥

2
= 310 𝑚𝑚    (13) 

{
𝐶𝑑,𝑚𝑖𝑛 ≤ 𝐶𝑑 ≤ 𝐶𝑑,𝑚𝑎𝑥

𝐶𝑑 must be > 𝐷mp
     (14) 

LB = 2Cd +
(𝐷mp−𝐷rsP)2

4Cd
+

π(𝐷mp+𝐷rsP)

2
    (15) 

Power rating per belt = Rated power + Additional power (16) 

Corrected Power per belt = Power rating per belt ×
Correction Factor         (17) 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑒𝑙𝑡𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 =
Design Power

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑃𝑜𝑤𝑒𝑟 𝑝𝑒𝑟 𝑏𝑒𝑙𝑡
    (18) 

Where: 𝐷rsP is the diameter of rotor’s shaft pulley; 𝐷𝑚𝑝 is the 

diameter of electric motor pulley; 𝐶𝑑 is the selected center dis-

tance; 𝑡𝑏𝑒𝑙𝑡 is the belt thickness, which is 8 mm; 𝐶𝑑,𝑚𝑖𝑛, 𝐶𝑑,𝑚𝑎𝑥 

and 𝐶𝑑,𝑎𝑣𝑒 are the minimum, maximum and average center dis-

tances between the two pulleys respectively. 

3.2.3. Design of the main shaft for the pulverizer 

The twisting moment or torque transmitted by the shaft was 

calculated as 13.2 Nm using Equation (19). The loading of the 

main shaft was treated as a simply supported beam with uni-

formly distributed load, converted to point load, in-between 

two bearing supports with an overhang load on each side of 

the bearing supports as shown in Fig. 4, 5 and 6.  The total 

weight, which is the point load, acting at the middle of the ro-

tor’s shaft in-between the two bearing supports is 154 N. This 

is a combination of beaters’ total weight, total weight of beat-

ers’ mounting rods, total weight of beaters’ mounting plates 

and total weight of spacers. The weight of the suction-fan as-

sembly for the pulverizer, 𝐹𝑆𝐹, is 18 N, while pulley weight is 

18 N. 
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Fig. 4. Isometric view of rotor’s assembly for the pulverizer 

 

Fig. 5. Space diagram of fan, bearing, rotor and pulley assembly for 

the pulverizer 

𝑇𝑡𝑚𝑠 = (𝑇𝑡𝑠 − 𝑇𝑠𝑠)𝑅rsP =
60𝑃𝑠𝑚

2𝜋𝑁𝑟𝑝
    (19) 

𝑉𝑟𝑠𝑝 = (𝜋 × 𝐷rsP × 𝑁𝑟𝑝) 60⁄ = 11.3112 𝑚/𝑠  (20) 

𝑇𝑡𝑠 𝑇𝑠𝑠⁄ = 10𝜇𝜃 2.3 sin 𝛽⁄
     (21) 

Substituting Equation (21) into Equation (19) gives Equation 

(22). 

𝑇𝑠𝑠 = 𝑇𝑡𝑚𝑠 {𝑅rsP(10𝜇𝜃 2.3 sin 𝛽⁄ − 1)}⁄    (22) 

α = (𝐷mp − 𝐷rsP) 2Cd⁄ ≈ 0.092 𝑟𝑎𝑑   (23) 

𝜃 = (𝜋 − 2α) ≈ 2.96 𝑟𝑎𝑑𝑖𝑎𝑛𝑠    (24) 

𝜇 = 0.54 − [42.6 (152.6 + 𝑉𝑟𝑠𝑝)⁄ ] = 0.28  (25) 

     ∴ 𝑇𝑠𝑠 ≈  22.2 𝑁  

From Equation (21), 𝑇𝑡𝑠 = 𝑇𝑠𝑠 × 10𝜇𝜃 2.3 sin 𝛽⁄ ≈ 351.9 𝑁 

    𝐹𝑟𝑠𝑝 = 𝑇𝑡𝑠 + 𝑇𝑠𝑠 + 𝑊𝑟𝑠𝑝 = 392.1 𝑁  

Summing all the vertical forces or loads on the rotor’s as-

sembly gives 

𝑅1 + 𝑅2 = 18 + 154 + 392.1 = 564.1 𝑁  

Taking moments about 𝑅2, we have 272𝑅1 + (392.1 ×
154) = (388 × 18) + (136 × 154)  

∴ 𝑅1 = −119.32 𝑁. Hence, 𝑅2 = 564.1 − 𝑅1 = 683.42 𝑁 

The maximum bending moment (BM) was obtained at point 

𝑅2 as follows: 

BM to the right, 𝐵𝑀𝑅2 = 154𝐹𝑟𝑠𝑝 = 154 × 392.1 =

60383.4 𝑁𝑚𝑚 𝑜𝑟 60.3834 𝑁𝑚  

BM to the left, 𝐵𝑀𝑅2 = (18 × 388)— 119.23 × 272 +

(154 × 136) = 60383.04 𝑁𝑚𝑚 

The maximum bending moment 𝑀𝑚𝑠 is 60.38304 Nm. The 

diameter of the shaft was then obtained as 25 mm using Equa-

tion (26) (Khurmi and Gupta, 2008). Hence, a shaft of 30 mm 

diameter was selected for the pulverizer. 

𝑑𝑚𝑠 = √
16(√(𝐾𝑚×𝑀𝑚𝑠)2+(𝐾𝑡×𝑇𝑡𝑚𝑠)2)

𝜋×𝜏𝑚𝑠

3

   (26) 

Where: 𝑇𝑡𝑚𝑠 is the twisting moment of or torque transmitted 

by the shaft (in Nm); 𝑇𝑡𝑠 is the tight side tension; 𝑇𝑠𝑠 is the 

slack side tension; 𝑅rsP is the radius of rotor’s shaft pulley; 

𝑃𝑠𝑚 is the selected motor power or power transmitted by shaft 

(in watts), which is 3730 watts; 𝑁𝑟𝑠𝑝 is the speed of rotor’s 

shaft pulley, which is 2700 rpm; μ is the coefficient of friction 

between belt and pulley; 𝑉𝑟𝑠𝑝 is the velocity of the rotor’s shaft 

pulley; θ is the angle of lap or contact between belt and pulley; 

b is half the groove angle of the pulley, which is 17.5°; 𝑑𝑚𝑠 is 

the main shaft diameter; 𝑀𝑚𝑠, 𝑇𝑡𝑚𝑠 and 𝜏𝑚𝑠 are the maximum 

bending moment, twisting moment and allowable shear stress 

of the main shaft (which is 42 MPa) respectively. 

 

 

Fig. 6. Load, shear force and bending moment diagrams of the ro-

tor’s assembly 

4. Results and discussion  

4.1. Simulation and performance evaluation of the 

pulverizer 

Using ANSYS Mechanical of ANSYS 14.0 software, static 

analysis of the pulverizer’s finite element model (FEM) was 

done in order to ascertain its workability and structural integ-

rity before fabrication as suggested by Olutomilola (2021). It 
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was assumed that forces or loads applied were evenly distrib-

uted on the machine’s members. The simulation of the pulver-

izer frame showed a maximum stress of 1.514 MPa, a maxi-

mum deformation of 6.73×10-6 mm and a maximum strain of 

7.5715×10-6 uniformly distributed at the flange, on which the 

machine is seated, when subjected to a load of 700 N as shown 

in Fig. 7, 8 and 9 respectively. The FEA conducted on the pul-

verizer rotor or beater assembly showed a maximum stress of 

7.0259 MPa and a maximum deformation of 5.6274×10-5 mm 

experienced at some points when subjected to a load of 400 N 

and a torque of 20 Nm as shown in Fig. 10 and 11 respectively.  

However, the maximum stress values obtained from the 

FEA of the frame and rotor were observed to be far below the 

yield strength values of the mild steel (248.2 MPa) and stain-

less steel (172.3 MPa) materials selected for their fabrication 

as shown in Fig. 7 and 10 respectively. The pulverizer was 

then fabricated as shown in Fig. 12. The performance of the 

pulverizer was then evaluated with the following results: a 

throughput of 400 kg/h, specific rate of breakage of 0.96, 

crushing efficiency of 96% and mass loss of 4% were obtained 

by using Equation (27), (28), (29) and (30) respectively. 

𝑄
𝑡𝑝

= 𝑀𝑜 𝑡𝑔⁄       (27) 

𝐵𝑠𝑟𝑏 = 𝑀𝑜 𝑀𝑖⁄       (28) 

𝐶𝑒𝑓𝑓  = (𝑀𝑜 𝑀𝑖⁄ ) × 100%    (29) 

𝑀𝑝𝐿 = {(𝑀𝑖 − 𝑀𝑜)/𝑀𝑖} × 100%    (30) 

Where: 𝑄
𝑡𝑝

 is the throughput of the pulverizer in kg/h; 𝑀𝑜 is 

the output mass (i.e. the quantity of plantain flour that passed 

through the screen in kg), which is approximately equal to 4.8 

kg; 𝑡𝑔 is the time taken to get the output mass in hour; 𝐵𝑠𝑟𝑏 is 

the specific rate of breakage; 𝑀𝑖 is the input mass in kg, which 

is 5 kg; 𝐶𝑒𝑓𝑓  is the crushing efficiency of the pulverizer; and 

𝑀𝑝𝐿 is the percentage of lost mass (Probst et al., 2013; Mo-

hamed et al., 2015). 

 

Fig. 7. Stress distribution within the machine frame 

 

Fig. 8. FEM of deformation of the machine frame 

 

Fig. 9. Strain distribution within the machine frame 

 

Fig. 10. FEM of stress distribution within the rotor 

 

Fig. 11. FEM of deformation distribution within the rotor  
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Fig. 12. The fabricated pulverizer 

4.2. Test of control-valve effect on flour conveyance 

The effect of cyclone control-valve on flour conveyance and 

the pulverizer efficiency was evaluated by pulverizing 1 kg of 

dry plantain pulps for each of the following control-valve po-

sitions: completely closed, partially opened and fully opened. 

The pulverizer was allowed to run for one minute in each case. 

It was observed that only 100 g of flour were delivered into 

the cyclone when the control-valve was fully closed. Also, 875 

g and 900 g of flour were delivered into the cyclone when the 

control-valve was half opened and fully opened respectively 

as shown in Table 1. 

Table 1. Effect of control-valve on flour conveyance 

S/N Control-

valve Posi-

tion 

Input 

Weight 

(g) 

Time 

(Sec-

onds) 

Output 

Weight 

(g) 

1 Fully Closed 1000  60 100 

2 Half Opened 1000 60 875 

3 Fully 

Opened 

1000 60 900 

4.3. Particle size distribution and analysis of the plan-

tain flour obtained 

The particle size of the flour obtained from the pulverizer 

was examined. The particle size distribution of the flour was 

then determined using sieving method by employing sieve vi-

brator equipment. Five available sieve sizes (600μm, 500μm, 

250μm, 210μm and 180μm) were mounted on the sieve vibra-

tor in decreasing order with a pan collector directly placed be-

neath sieve 180μm as shown in Fig. 13. Then, 500 g of the 

flour was introduced into the tier of sieves and the sieve vibra-

tor was operated for 25 minutes. The results obtained are as 

presented in Table 2. The percentage mass retained on each 

sieve was then determined by using Equation (32) as shown in 

Table 3. Particle size analysis was then carried out on the flour 

in order to determine its average particle size using Equation 

(31), (32) and (33). The results obtained are as presented in 

Table 3. The average particle size of the flour obtained was 

236μm. 

Moreover, the particle size of the plantain flour obtained 

from the pulverizer is not expected to be greater than 500μm, 

which is the size of the screen used in its milling chamber. 

Thus Table 3 shows that 11.9 and 8.36 grams of the flour were 

retained by 600μm and 500μm sieve sizes respectively as 

oversize during sieving. This made the total mass of oversized 

flour particles obtained to be 20.26 grams. Hence, the effi-

ciency of the pulverizer, based on the required particle size, 

was obtained as 96% using Equation (34). 

Table 2. Particle size distribution in descending order 

S/N Sieve Size (𝝁𝒎) Mass Retained (g) 

1 600 11.90 

2 500 8.36 

3 250 431.21 

4 210 10.76 

5 180 13.74 

6 Pan Collector 23.48 

TOTAL 499.45 

Table 3. Particle size analysis of the plantain flour obtained 

S/N Sieve 

Size 

(𝝁𝒎) 

Average 

Sieve Size 

(𝝁𝒎) 

MR (g) PMR 

(%) 

PMD 

(𝝁𝒎) 

1 180 90 13.74 2.9 261 

2 210 195 10.76 2.3 448.5 

3 250 230 431.21 90.6 20838 

4 500 375 8.36 1.8 675 

5 600 550 11.90 2.5 1375 

TOTAL 475.97 100 23597.5 

 
ASS = (D1 + D2) 2⁄      (31) 

PMR = (MR TMR⁄ ) × 100%    (32) 

MMD = (∑ PMD5
i=1 ) (∑ PMR5

i=1 )⁄ ≈ 236 μm  (33) 

𝜂
𝑏𝑝𝑠

=
𝑇𝑀𝑆−𝑀𝑂𝑆

𝑇𝑀𝑆
× 100% ≈ 96%    (34) 

Where: ASS is the average sieve size; PMR is the percentage 

mass retained; MR is the mass retained; TMR is the total mass 

retained, which is 475.97 g; MMD is the mass mean diameter 

(which is the average particle size of the plantain flour); PMD 

is the particle mean diameter; 𝜂
𝑏𝑝𝑠

 is the efficiency of the pul-

verizer based on the required particle size; TMS is the total 

mass sieved, which is 500 g; and MOS is the mass of oversized 

flour (Sonaye and Baxi, 2012). 

 

      

Fig. 13. (a) Sieve vibrator      (b) Sieves with retained plantain flour 
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4.4. Discussion of evaluation results 

It is to be noted that the maximum stress values obtained 

(1.514 MPa and 7.0259 MPa) are far lower than the yield 

strength values of the mild steel (248.2 MPa) and stainless 

steel (172.4 MPa) selected for the frame and rotor respec-

tively. This is an indication that the machine will be able to 

serve its intended purpose without failure, which is an attesta-

tion to the machine’s fitness for fabrication. However, the 

points where induced stresses are maximum on the frame and 

rotor were keenly considered during fabrication, since they are 

locations where structural failure may likely be initiated after 

a long period in service.  

It was also observed from the fabricated machine’s evalua-

tion that the efficiency of the fan, screen and rotor can signif-

icantly be influenced by the position of the cyclone’s control-

valve. This efficiency was also found to be inversely propor-

tional to the feed rate. Since only 100 g of flour were delivered 

into the cyclone when the control-valve was fully closed as 

shown in Table 1. This means that major or larger part of the 

flour remained within the pulverizer. The implication of this 

is that, continuous feeding of the pulverizer while the control-

valve is fully closed will lead to blockage of flour passage, 

blockage of the screen, eventual backflow of material, wast-

age of material and reduced machine efficiency due to gener-

ation of back-pressure within the cyclone. Hence, the control-

valve should always be opened completely while milling op-

eration is ongoing so as to avoid the aforementioned problems. 

Opening the control-valve during operation will help the pul-

verizer perform without any problem. 

Table 3 shows 2.9%, 2.3%, 90.6%, 1.8% and 2.5% of the 

total flour introduced into the tier of sieves being retained by 

the screens of 180 μm, 210 μm, 250 μm, 500 μm and 600 μm 

sieves respectively. Thus, the greatest proportion of the plan-

tain flour was retained on the screen of 250μm sieve size dur-

ing the particle size analysis. It can, thus, be inferred from the 

particle size analysis conducted on the flour obtained that the 

average particle size of flour obtainable from the pulverizer at 

any time is 0.236 mm. This shows conformity with standard-

ized particle size of plantain flour. Also, the 96% efficiency 

obtained, based on particle size distribution, is an indication 

that the pulverizer will be able to effectively pulverize dry 

plantain pulps into flour of 236μm particle size whenever a 

screen size of 500 μm is used in its milling chamber.  

5. Summary and conclusion 

In this study, consumption of plantain and its products as a 

promising way to defeat COVID-19 among diabetic patients 

was established via researchers’ works (Olutomilola, 2021). 

This attests to the relevance of this study in this critical period 

in the history of the world. A pulverizer, with an efficiency of 

96% and a throughput of 400 kg/h, was developed for a plant 

that processes unripe plantain into flour and its performance 

evaluated. The average particle size of plantain flour obtained 

was 236 μm by using a screen size of 500 μm. As revealed by 

the results obtained during its performance evaluation, the 

control-valve of the pulverizer’s cyclone had significant influ-

ence on the machine’s efficiency. It can be said that partial or 

full closure of the control-valve would lead to lots of technical 

problems that are capable of adversely affecting the pulver-

izer’s overall efficiency/performance. Thus, leaving the con-

trol-valve fully opened, during operation, would help the pul-

verizer perform effectively. It can, therefore, be inferred that 

the pulverizer is able to serve its intended purpose in the pro-

cess plant as it was able to pulverize, sieve and convey mate-

rial to the next processing stage during evaluation.  

This study has been able to establish that cyclone control-

valve can significantly affect pulverizer’s flour conveyance 

and overall performance, which other researchers failed to do 

(Olutomilola, 2019). However, the experiment for evaluating 

control-valve effect on the pulverizer’s overall efficiency will 

be repeated for about nine more times in subsequent research 

for result accuracy/validation and the principle behind this 

phenomena will be investigated. This would be followed by 

full automation and incorporation of the pulverizer into the 

plantain flour production and packaging plant.  
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车前草粉加工厂粉碎机的研制及性能评价 
 

關鍵詞 

糖尿病 COVID-19 

粉碎机开发 

绩效评估 

芭蕉 

面粉加工厂 

 摘要 

糖尿病被判定为 2019 年冠状病毒传染病 (COVID-19) 的危险因素，可以通过食用车前草及其

相关产品来控制。由于其保质期很短，车前草通常被加工成面粉和其他可储存/增值的产品。

要将未成熟的大蕉果肉加工成面粉，需要在干燥后缩小尺寸。本文介绍了一种粉碎、筛分和将

材料输送到大蕉面粉加工厂的下一个加工阶段的粉碎装置的开发和性能评估。它的模型是使用

solidworks 应用软件开发的。在设计分析之后，对模型进行模拟以确定其制造的适用性/充分

性。粉碎机是使用当地可用的材料制造的。其性能评估给出了 400kg/h 的吞吐量、96% 的破碎

效率和 96% 的效率（基于所需的粒度）。使用500μm筛网获得的面粉的平均粒度为236μm。还

通过在阀门完全关闭、部分关闭和完全打开时允许其运行来研究旋风控制阀对粉碎机整体效率

的影响。据观察，控制阀的位置显着影响了机器的性能/效率。因此可以推断旋风控制阀的位

置对粉碎机的效率/性能有显着影响。因此，在操作期间保持控制阀完全打开将有助于粉碎机

以最佳效率运行，因为粉碎机能够在该位置有效地将材料输送到性能评估期间的下一个加工阶

段。 
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