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Abstract 
 

Plantain, the fourth most important crop, is crucial to food security and livelihoods of 

many people in Nigeria – the fifth leading plantain producer in the world. The demand 

for plantain flour is rapidly increasing due to its health benefits and industrial 

applications; hence, the need for more machines. However, importing flour-packaging 

machines is found to be not cost-effective. Thus, it is necessary to locally develop a 

flour packaging machine for a plantain flour production and packaging plant. For this 

reason, this paper aimed to present the design and finite element analysis of a flour 

packaging machine. The model was developed and after careful selection of suitable 

materials and design analysis, its functionality, structural integrity and design 

adequacy for fabrication were evaluated using SolidWorks 2016. The highest induced-

stress and the lowest factor of safety values were obtained from the simulation of the 

machine’s frame, which is made of mild steel. As evidenced by the simulation results, 

it was revealed that the machine will be able to serve its intended purpose. However, 

care must be taken to reinforce the locations with the highest induced-stress values on 

the machine, before or during fabrication, for optimum reliability. 

 

Keywords: flour packaging machine, design, finite element analysis, plantain, 
processing plant 

 

 

1. Introduction 

 

Diabetes is one of the leading causes of morbidity, debilitating diseases and 

death throughout the world (Oluwajuyitan and Ijarotimi, 2019; Hussain et al., 

2020). Recently, it was reported that diabetes is a risk factor for coronavirus 

infectious disease 2019 (COVID-19) (Adeyeri et al., 2020; Seewoodhary and 

Oozageer, 2020). It is associated with increased incidence and severity of 
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COVID-19 (Singh et al., 2020) leading to high mortality (Hussain et al., 2020; 

Wang et al., 2020).  

 

In Nigeria and some other parts of the world, plantain especially the unripe 

ones has been found to be very useful, effective and affordable in managing 

diabetes, treatment of anemia and liver disorders without negative side effects 

(Eleazu and Okafor, 2015; Olanrewaju and Abidemi, 2017; Olutomilola et al., 

2019; Olutomilola, 2021). Thus, managing or eliminating diabetes mellitus, 

which can also be done by consuming plantain and its associated products, is 

a promising way to weaken COVID-19 among diabetic patients (Olutomilola, 

2021). 

 

Globally, plantain is a crop that is crucial to food security and livelihoods of 

many people especially in Nigeria (Olutomilola and Omoaka, 2018). As a 

global commodity for food security, plantain has the potential to enhance food 

security (Kouame et al., 2017; Olutomilola, 2021). It was reported that after 

wheat, rice and corn, plantain is the fourth most important crop in the world 

(Alonso-Gomez et al., 2020; Olutomilola et al., 2020). The demand for 

plantain flour is rapidly increasing due to the increased-awareness about its 

health or nutritional benefits and industrial applications (Fadimu et al., 2020). 

Therefore, there is a need to develop a plant for processing plantain into 

bagged-flour in Nigeria, being the largest producer of plantain in West Africa 

and fifth in the world (Ayodeji, 2016; Olutomilola, 2019). Essentially, 

plantain flour must be hygienically packaged in compliance with food safety 

regulations as it is consumed by humans.  

 

The existing flour packaging machines are usually imported, which are not 

readily accessible and affordable for small- and medium-scale farmers or food 

processing industries in the country (Mogaji et al., 2019). These machines are 

also hard to be operated, maintained and repaired by people with low technical 

know-how. Consequently, this has led to the utilization of traditional and 

unhygienic plantain flour packaging methods, which adversely affect the 

quality and quantity of the produced flour resulting in food-borne health 

problems, food poisoning and food-transmission of diseases or even viruses 

like COVID-19. Additionally, using these methods result in bags of flour that 

are not properly or tightly sealed, thereby affecting the shelf life, quality and 

nutritional, esteemed and market value. In total, the harvested plantain losses 

in Nigeria ranged from 5 to 50% as revealed by recent studies of Morris et al. 

(2019) and Olutomilola (2021). 
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With the information mentioned previously, there is a need to develop a 

machine for flour packaging, which could be incorporated into a plant’s 

production line that processes unripe plantain into flour (which is being 

presently developed in Nigeria) using locally available materials for cost-

effectiveness and easy maintenance (Olutomilola, 2019). Thus, the aim of this 

paper was to design and simulate a simple plantain flour packaging machine 

based on given parameters and materials.  

 

 

 

2. Methodology 

 

2.1 Design Concept of the Flour Packaging Machine 

 

The flour packaging machine is a vertical form-fill and four-seal machine. Its 

three-dimensional (3-D) modelling and assembling were done using 

SolidWorks 2016 (Computer Aided Design [CAD] software), as shown in 

Figure 1. This concept was selected based on the plant’s layout or 

configuration, material flow and desire to take advantage of gravity in material 

flow. Table 1 shows the materials selected for the machine’s components and 

the reasons for selecting them.  

 

The machine was made up of two major sections: metering and packaging. 

The metering section, whose function is to weigh and deliver plantain flour 

into the packaging section, consists of three segments: temporary storage or 

reservoir, metering or weighing and dispensing chamber. All its component 

parts were made of stainless steel with a density of 8000 kg/m3 and yield 

strength of 1.724x108 N/m2. The temporary storage is a hopper with both 

cylindrical and conical geometries helping to hold plantain flour temporarily 

for metering and packaging. The metering segment, aiding in opening and 

closing the orifice leading to the temporary storage, consists of an orifice, an 

orifice-shutter plate, a shutter-guide plate and a 12-volt plunger. The plunger 

controls the opening and closing action of the metering segment. The 

weighing and dispensing chamber ensures that accurate or desired quantity of 

plantain flour is measured and delivered into the packaging section for 

bagging.  
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The chamber encompasses measuring container, a container-turner or 

supporting plate, four guiding pins, a weight sensing plate, a load transducer 

or sensor, a 12-volt geared wiper motor and two feedback switches. The 

measuring container serves as a container for the desired quantity of flour to 

be delivered into the packaging section per unit time. The four guiding pins 

help to hold the measuring container firmly in position. The container-turner 

tumbles the measuring container so as to empty its content into the packaging 

section. It also serves as a platform in which the measuring container sits or 

rests for proper sensing of flour weight by load sensor. The wiper motor 

controls the clockwise and anticlockwise movement or tumbling of the 

measuring container. The two feedback switches send signal to the wiper 

motor to change motion direction from clockwise to anticlockwise and vice 

versa. The switches send signal to the metering segment to either close or open 

the orifice leading to the temporary storage for the flour release. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
1 – temporary storage; 2 – metering segment; 3 – measuring and dispensing chamber; 4 – frame; 5 – gear drive; 

6 – forming and metering pipe; 7 – sealing roller; 8 – rectangular sealer guide and support; 9 – roller heater; 10 

– moveable rectangular sealer; 11– plunger; 12 – metering section wiper motor; 13 – nylon roller; 14 – nylon 

hanger; 15 – control box; 16 – packaging section wiper; 17 – wiper motor disc; 18 – connecting rod; 19 – wiper 

motor support; 20 – sealing roller shaft; 21 – roller shaft pulley; 22 – V-belt; 23 – gear motor 

 

Figure 1. Isometric view of the metering and packaging machines 

 

 

Metering 

machine 

Packaging 

machine 
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Table 1. Material selection for the metering and packaging machine 

 

S/N Parts Quantity 
Selected 

Materials 
Reasons for Selecting the Materials 

1 Temporary storage 1 Stainless 

steel 

Recommended for food processing, 

Corrosion resistant 

2 Metering segment 1 Stainless 

steel 

Recommended for food processing, 

Corrosion resistant 

3 Measuring and 

dispensing 

chamber 

1 Stainless 

steel 

Recommended for food processing, 

Corrosion resistant 

4 Frame  1 Mild steel Readily available, low-cost, excellent 

machinability, strength 

5 Gear drive 6 Mild steel Readily available, low-cost, excellent 

machinability, strength 

6 Forming and 

metering pipe 

1 Stainless 

steel 

Recommended for food processing, 

Corrosion resistant 

7 Sealing roller 4 Stainless 

steel 

Recommended for food processing, 

Corrosion resistant 

8 Rectangular sealer 

guide and support 

2 Mild steel Readily available, low-cost, excellent 

machinability, strength 

9 Roller heater 4 Not 

applicable 

Not applicable 

10 Moveable 

rectangular sealer 

1 Stainless 

steel 

Recommended for food processing, 

Corrosion resistant 

11 Plunger 1 Not 

applicable 

Readily available at low-cost 

12 Metering section 

wiper motor 

1 Not 

applicable 

Readily available at low-cost 

13 Nylon roller 2 Stainless 

steel 

Recommended for food processing, 

Corrosion resistant 

14 Nylon hanger 4 Stainless 

steel 

Recommended for food processing, 

Corrosion resistant 

15 Control box 1 Wood Readily available, easy workability, 

lightness, low-cost 

16 Packaging section 

wiper motor 

1 Not 

applicable 

Readily available at low-cost 

17 Wiper motor disc 1 Mild steel Readily available, low-cost, excellent 

machinability, strength 

18 Connecting rod 1 Mild steel Readily available, low-cost, excellent 

machinability, strength 

19 Wiper motor 

support 

1 Mild steel Readily available, low-cost, excellent 

machinability, strength 

20 Sealing roller shaft 4 Mild steel Readily available, low-cost, excellent 

machinability, strength 

21 Roller shaft pulley 1 Mild steel Readily available, low-cost, excellent 

machinability, strength 

22 V-belt 1 Not 

applicable 

Not applicable 

23 Gear motor 1 Not 

applicable 

Excellent speed reduction ratio 

 

The packaging section consists of a frame, a metering and forming pipe, a pair 

of nylon hangers, two pairs of nylon guides, two pairs of sealing rollers, 

heaters, a pair of rectangular sealers, a cutter, two compression springs, two 

servo or wiper motors, a platform (incorporated with jam sensor) for receiving 

cut bags of plantain flour, a gear motor, a gear and a belt drive. The machine 

was designed to package a maximum of 1 kg of plantain flour at a time. The 

frame supports all the component parts of the machine. The forming pipe, 

located directly beneath the weighing and dispensing chamber of the metering 
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section, aids in forming the bags for plantain flour while serving as a channel 

through which plantain flour is introduced into already-formed bags. The two 

hangers in the machine, located at both sides of the top of the supporting 

frame, hold the two reams of nylon firmly in position to aid unrolling of nylon 

for bag-forming.  

 

The nylon guides, situated below nylon hangers and on both sides of the frame, 

assist the unrolled-nylons from the two reams to remain vertical and parallel 

to each other for proper forming of packaging bags. Operating with the 

principle of laminating machine, the sealing rollers below nylon guides pull 

down the nylon from the two reams.  The sealing rollers seal the left and right 

sides of any soon-to-be-formed bag. The sealing rollers are driven by a gear 

motor through gear drives. The heaters behind the sealing rollers supply the 

heat needed for sealing and forming of bags to the sealing rollers.  

 

There are two rectangular sealers below the sealing rollers: one is fixed while 

the other one is movable. The rectangular sealers seal the bottom of soon-to-

be-formed bag and the top of already-formed and filled bag. The fixed 

rectangular sealer has a rectangular sealing plate directly in its front, which is 

separated by two compression springs. The springs are directly positioned 

behind the rectangular sealing plate to allow the cutter to protrude by 10 mm 

beyond the sealing plate into the movable rectangular sealer. The provision of 

10 mm is also made on the movable sealer to accommodate the penetration of 

the cutter into it. The cutter, separating the bottom of soon-to-be-formed bag 

from the top of already-formed and filled bag, is located at the center of the 

fixed rectangular sealer. The linear motion, needed by the movable rectangular 

sealer to perform its intended function, is provided by a servo or wiper motor. 

 

Since each sealing roller is 120 mm in diameter, one revolution gives a 

formed, filled and sealed bag of 377 mm high or long while 80 mm diameter 

gives 251 mm, which is the needed bag’s height. Hence, two-thirds of one 

revolution of the sealing roller is required to produce a bag with a height of 

251 mm. The rollers stop rotating after making the revolution, and the wiper 

motor turns the measuring container allowing plantain flour to be dosed into 

the formed bag. The orifice-shutter plate is actuated by plunger to close the 

orifice leading to the temporary storage when preset weight of plantain flour 

is received by the measuring container. The wiper motor is then actuated to 

turn and empty the measuring container into already-formed bag through the 

metering and forming pipe.  
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hlc 

htc 

hsc 

ds 

Ds 

The measuring container is made to return to its horizontal position, ready to 

receive another preset weight of flour through a feedback switch. The whole 

process is repeated after the measuring container has received another preset 

weight of plantain flour. Moreover, the movable rectangular sealer (which 

undergoes reciprocating motion) then moves to seal and cut the formed and 

filled bag against the fixed cutter. Above and below the cutter are sealers, 

sealing the top of already filled bag and the bottom of soon-to-be-formed bag. 

The movable rectangular sealer retreats after a delay time of 5 s based on 

material flow in the process plant. Immediately, the bag falls off the cutter and 

rectangular sealers. The movable rectangular sealer completes its retreat, the 

sealing rollers are automatically actuated to make another revolution and the 

whole process is repeated. 

 

2.2 Design Analysis of the Metering Section 

The temporary storage is a funnel-like structure with three substructures: a 

large cylinder (designed to hold 17 kg), a truncated cone (intended to hold 8 

kg) and a small sized cylinder (known as orifice) as shown in Figure 2.  

 

 

 

 

 

 

 

 
 

Figure 2. Packaging machine reservoir 

 

The temporary storage or reservoir is expected to hold a maximum of 25 kg 

of plantain flour at a time since the process plant (which the machine would 

serve) is expected to produce 1000 kg of flour per day. The height and 

diameter of the orifice were selected based on available plunger throw, which 

are 55 and 20 mm, respectively. A 12-volt plunger was selected to close and 

open the orifice to the temporary storage based on its availability, low power 

consumption and ability to serve the intended purpose satisfactorily. 
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Equations 1 to 3 were used to determine the total height of the temporary 

storage (Khurmi and Gupta, 2008; Macrae et al., 2014).   

ρ
pf

=
mfts

Vfts

 

where ρ
pf

 is the density of plantain flour (200 kg/m3) (Essien et al., 2016); mfts 

is the mass of plantain flour in the temporary storage (25 kg); and Vfts is the 

volume of plantain flour in the temporary storage.  
 

2.2.1 Determination of the Heights of Large Cylinder and Truncated Cone 
 

The height of the large cylinder was determined to be 221 mm using Equations 

1 and 2.  

 

From Equation 1, 

 

Vlc=
mflc

ρ
pf

= 0.085 m3 

 

hlc=
Vlc

πRlc
2

 

 

Since the mass of flour in the truncated cone is 8 kg, the height of the truncated 

cone was determined as 303 mm using Equation 3. From Equation 1, the 

volume of the truncated cone was estimated as 0.04 m3. Hence, the total height 

of the temporary storage is 579 mm. 

Vtc=
mtc

ρ
pf

 

htc=
3Vtc

π(Rtc
2

+rtc
2 +Rtcrtc)

 

where mflc is the mass of flour in large cylinder (17 kg); Vlc is the volume of 

the large cylinder;  Rlc is the radius of the large cylinder (0.35 m); hlc is the 

height of the large cylinder;  mtc is the mass of flour in truncated cone; Rtc is 

the radius of larger end of truncated cone (0.35 m); rtc is the radius of smaller 

end of truncated cone (0.01 m); and htc is the height of truncated cone.  
 

2.2.2 Shaft Design for the Weighing and Dispensing Chamber 
 

A geared wiper motor of 12 volts was selected to turn the measuring container 

and its accessories based on its availability, low power consumption and 

(2) 

(3) 

(1) 
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ability to satisfactorily serve the intended purpose. The measuring container, 

its supporting plate or turner (2 mm thick), its four guiding pins (1 mm thick), 

its weight-sensing plate (1 mm thick) and load sensor must be supported and 

driven by a shaft of adequate strength and rigidity.  

 

The weight of empty measuring container is 200 g and it is expected to receive 

1 kg of flour at a time. The total weight of the measuring container, base plate 

for the measuring container, four guiding pins, weight-sensing plate and 

weight-sensing rod were calculated as 12, 9, 1, 1.01 and 0.31 N using 

Equations 4, 5, 6, 7 and 8, respectively. The total weight of base plate for the 

measuring container was calculated as 9 N using Equation 5. Hence, the total 

weight of the measuring/dispensing chamber accessories was 23.32 N from 

Equation 9.  

 

WTMC = (mMC+mpf)g 

 

WTbp = π × rbp
2  × tbp× ρ

ss
×g 

 

WTgp= 4Lgps × wgps × tgps × ρ
ss

 × g 

 

WTwsp= π × rwsp
2  × twsp × ρ

ss
 × g 

 

WTwsr = π × rwsr
2  × hwsr × ρ

ss
 × g 

 

WTMDCA = WTMC + WTbp + WTgp + WTwsp + WTwsr 

 

where WTMC is the total weight of the measuring container; mMC is the mass 

of empty measuring container (0.2 kg); mpf is the mass of plantain flour in the 

measuring container (1 kg); WTbp is the total weight of base plate for the 

measuring container; rbp is the radius of the base plate (135 mm); tbp is the 

thickness of the base plate (2 mm); ρ
ss

 is the density of stainless steel (8000 

kg/m3); WTwsp is the total weight of weight-sensing plate; rwsp is the radius of 

weight-sensing plate (64 mm); twsp is the thickness of weight-sensing plate (1 

mm); WTwsr is the total weight of weight-sensing rod; rwsr is the radius of 

weight-sensing rod (5 mm); hwsr is the height of weight-sensing rod (50 mm); 

and WTMDCA is the total weight of of the measuring/dispensing chamber 

accessories. 

The load, shear force and bending moment diagram of the 

measuring/dispensing chamber accessories shaft is shown in Figure 3.  

 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
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Figure 3. Load, shear force and bending moment  
diagrams of measuring/dispensing chamber shaft 

 

According to Khurmi (2012) and Rajput (2013), the shaft was treated as 

simply supported beam with gradually applied point load of 23.32 N, acting 

at the middle of the beam. Hence, Equation 10 was obtained from Figure 3. 

RA = RB = 
(WTMDCA)

2
 ≈ 12 N 

 

The maximum bending moment was obtained at the midpoint of the shaft as 

follows: MMDCS=155RA=155×12=1860 Nmm. The shaft diameter of the 

weighing and dispensing chamber was estimated as 14.5 mm using Equation 

11. Hence, a shaft diameter of 15 mm was selected to drive the weighing and 

dispensing chamber accessories. 

dMDCS=√
16 (√(Km×MMDCS)2+(Kt×TMDCS)2)

π×τass

3

 

 

where dMDCS is the shaft diameter of the weighing and dispensing chamber; 

Km is 1.5; Kt is 1.0; MMDCS is the maximum bending moment; TMDCS is the 

twisting moment or torque of the wiper motor (25 Nm); and τass is the 

allowable shear stress of the shaft (42 MPa) (Khurmi and Gupta, 2008). 

 

(10) 

(11) 

WTMDCA = 23.32 N 

310 mm 

RB RA 
(a)  Load Diagram 

12 N 

12 N 

(b)  Shear Force Diagram 

+ 1860 Nmm 

(c)  Bending Moment Diagram 
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2.3 Design Analysis of the Packaging Section 

 

Since the packaging machine operates with the principle of laminating 

machine, whose speed ranges from 3 to 15 revolutions per minute (rpm), the 

sealing rollers’ speed was selected to be 9 rpm to achieve a proper seal on the 

packaging nylon used. The sealing rollers are made of stainless steel whose 

density is 8000 kg/m3, with a radius of 60 mm and a thickness of 20 mm. The 

force required to rotate the sealing rollers and their accessories was calculated 

as 4.1 N using Equation 12. The mass of individual sealing roller was 

calculated as 2 kg per Equation 15. Hence, the total mass of the four sealing 

rollers is 8 kg. It was also assumed that the weight of flour being bagged is 

equally shared by the four sealing rollers. This weight was added to the total 

weight of the sealing rollers. A maximum of 10 kg of plantain flour was also 

assumed for safety reasons so that the rollers will be able to withstand future 

load increments up to a maximum of 10 kg. Hence, the overall weight of the 

sealing rollers was assumed to be approximately equal to 20 kg. A weight of 

10 kg was also assumed for the shafts on which the rollers and gears are 

mounted, and to take care of other additional weights. 

 

Fsra = mTD × asra 
 

asra = rsr × ωsra
2  ≈ 0.1 m s⁄  
 

ωsra = 
2πNsr

60
 ≈ 1 rad sec⁄  

 

misr = πrsr
2 hsrρss

 ≈ 2 kg 

 

The total mass of the sealing rollers’ gears, which are six in number, was 

estimated using Equation 16. 
 

mTsrg=6 (π × rsrg
2  × tsrg × ρ

ms
) ≈ 11 kg 

 

mTD = mosr + mTsrg + msaw = 41 kg 

 

The power required to drive the sealing rollers and the power required by gear 

motor to drive the sealing rollers are given by Equations 18 and 19, 

respectively. Hence, a gear motor of 1 hp (746 W) was selected for the drive. 

 

Psra= Fsra × vsr= Fsra × rsr × ωsra = 0.41 watt 

 

PMdsr = Psra × Pf ≈ 1 watt 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 
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where Fsra is the force required to rotate the sealing rollers and their 

accessories;  mTD is the total weight to be driven (kg); asra is the acceleration 

of sealing roller (m/s2); ωsra is the angular velocity of sealing roller; Nsr is the 

number of revolution of the sealing roller (9 rpm); rsr is the radius of sealing 

roller (0.06 m); misr is the mass of individual sealing roller (kg); mTsrg is the 

total mass of the sealing rollers’ gears; rsrg is the radius of each sealing roller’s 

gear; tsrg is the thickness of each sealing roller’s gear; ρ
ms

 is the density of 

mild steel from which the gears were made (7800 kg/m3); mTD is the total 

weight to be driven; mosr is the overall weight of the sealing rollers (20 kg); 

msaw is the weight of shaft plus other additional weights; asra is the acceleration 

of sealing rollers and their accessories; Psra is the power required to drive each 

sealing roller; vsr is the velocity of sealing rollers; PMdsr is the power required 

by gear motor; and Pf is the power factor (2). 

2.3.1 Determination of Sealing Roller’s Shaft Diameter 
  

The torque transmitted by the shaft was determined to be 791430 Nmm using 

Equation 20, while the shaft diameter of the sealing roller was calculated as 

15 mm using Equation 21 from its space diagram presented in Figure 4. A 

pulley of equal diameter with the sealing rollers was selected to drive the 

rollers.  

 

Tts = 
60 × Ptms

2πNsr

 

 

dsr =
√

16 (√(Ms)2 + (Tts)
2)

π × τs

3

 ≈ 15 mm 

 

where Tts is the torque transmitted by the shaft; Ptms is the power transmitted 

from motor to shaft (746 W); Ms is the bending moment of the shaft; τs is the 

allowable shear stress of the shaft material (42 N/mm2); and dsr is the diameter 

of each sealing roller shaft. 

 

 

 

 

 
 

Figure 4. Space diagram of the sealing roller shaft 

 

(20) 

(21) 
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2.3.2 Determination of Heat Required for Sealing 

 

The temperature required to seal the packaging nylon is 105 °C. The amount 

of heat required to be transferred to the sealing rollers to affect the sealing 

action was determined to be 5.904 kJ using Equation 22 (Rajput, 2007). 

Nichrome wire was adopted as the heating element by considering its 

properties. The selected heater is a ring type with a diameter, width and 

thickness of 0.06, 0.02 and 0.005 m, respectively.  

Q
hr

= mhcnw (θ2 – θ1) 

 
mhe = ρ

n
×Vhe = 0.160 kg 

 

Lhe= πDhe= 0.189 m 

 

Vhe = Lhe × the × whe =1.89 × 10
-5

 m3 

 

where Q
hr

 is the heat required to heat up the roller; mhe is the heater’s mass; 

cnw is the specific heat capacity of nichrome wire (450 J/kg/K); θ1 is the 

heater’s initial temperature (23 °C), which is the average room temperature for 

a production hall; θ2 is the heater’s final temperature (105 °C); ρ
n
 is the density 

of nichrome (8400 kg/m3); Vhe is the heater’s volume; Lhe is the heater’s length 

before turning into ring (0.06 m); Dhe is the heater’s diameter; the is the 

heater’s thickness (0.005 m); and whe is the heater’s width (0.02m). 

2.4 Simulation Study of the Packaging Machine  

 

Following the recommendation of Olutomilola (2021), the workability, 

functionality and structural stability of the packaging machine’s design were 

evaluated by simulating its developed model using SolidWorks 2016 (CAD 

software). During which, the properties of the materials selected for the 

machine were taken into account. In achieving this, models of the machine’s 

major components (reservoir, metering segment, measuring/dispensing 

chamber, container-turner, frame, forming pipe and sealing roller) were first 

discretized into 36722 nodes and 17639 elements to generate their solid mesh 

for finite element analysis (FEA) (Olutomilola, 2019; Olutomilola et al., 

2020). They were then subjected to load analysis through simulation runs 

using FEA. During the simulation, the reservoir was subjected to a pressure of 

101325 N/m2; metering segment to a force of 638 N; measuring/dispensing 

chamber to a force of 700 N and a torque of 70 Nm; container-turner to a 

pressure of 101325 N/m2; frame to a force of 700 N; forming pipe to a force 

(22) 

(23) 

(24) 

(25) 
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of 100 N as well as acceleration due to gravity of 9.81 m/s2; and sealing roller 

to a torque of 450 Nm. The areas where induced stress, static displacement 

and static strain were significant on their finite element models (FEMs) were 

noted and designated as A, B and C, respectively, as shown in Figures 5 to 11. 

The results obtained from the evaluation were then tabulated. 

 

 

3. Results and Discussion 

 

3.1 Design Evaluation of Metering Section Model 

 

Results of the reservoir’s stress, static displacement and strain analysis are 

presented in Figure 5 and Table 2, respectively. It can be seen that the induced 

stress (5.227x107 N/m2), static displacement (0.1181 mm) and strain 

(2.132x10-4) are at maximum level and evenly distributed towards the conical 

end or reservoir’s base. This is attributed to the concentration of the entire 

weight/pressure of flour and the reservoir in that portion of the structure. This 

means that the more conical the portion is, the higher the induced stress will 

be. However, the induced stress was observed to be acceptably below the yield 

strength (1.724x108 N/m2) of the selected stainless steel as evidenced by factor 

of safety (FOS) value of 3.4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. FEM of stress distributions on the reservoir 
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Table 2. Simulation results of the reservoir 

 

S/N Stress distributions 

(N/m2) 

Static displacement 

(mm) 

Static strain FOS 

1 5.227×107 1.181×10-1 2.132×10-4 3.398 

2 4.792×107 1.082×10-1 1.954×10-4 6.983×103 

3 4.356×107 9.840×10-1 1.776×10-4 1.396×104 

4 3.920×107 8.856×10-2 1.599×10-4 2.094×104 

5 3.485×107 7.872×10-2 1.421×10-4 2.792×104 

6 3.049×107 6.888×10-2 1.244×10-4 3.490×104 

7 2.614×107 5.904×10-2 1.066×10-4 4.188×104 

8 2.178×107 4.920×10-2 8.883×10-5 4.886×104 

9 1.743×107 3.936×10-2 7.107×10-5 5.584×104 

10 1.307×107 2.952×10-2 5.330×10-5 6.282×104 

11 8.714×106 1.968×10-2 3.554×10-5 6.980×104 

12 4.358×106 9.840×10-3 1.778×10-5 7.678×104 

13 2.058×103 1.000×10-3 1.288×10-8 8.375×104 

 

Figure 6 and Table 3 present the stress distribution and simulation results of 

the metering segment, respectively. The induced stress was observed to be at 

the maximum level (8.618x107 N/m2) at the upper flange of the structure, 

which could be due to the flange supporting the weight of the reservoir and its 

contents (plantain flour). The static displacement was at the maximum level 

(0.1057 mm) at the shutter’s guides of the metering plate at the center of the 

structure, while static strain was observed to be at the maximum level 

(2.394x10-4) at the point where the plate is welded to the metering segment. 

However, it was noted that the induced stress was below the yield strength 

(1.724x108 N/m2) of the stainless steel selected for the structure with FOS of 

2.0. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. FEM of stress distribution within the  

metering segment members 
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Table 3. Simulation results of the metering segment 

 

S/N 
Stress distributions 

(N/m2) 

Static displacement 

(mm) 
Static strain FOS 

1 8.618×107 1.057×10-1 2.394×10-4 2.000 

2 7.899×107 9.689×10-2 2.195×10-4 6.612×105 

3 7.181×107 8.808×10-2 1.995×10-4 1.322×106 

4 6.463×107 7.928×10-2 1.796×10-4 1.984×106 

5 5.745×107 7.047×10-2 1.596×10-4 2.645×106 

6 5.027×107 6.166×10-2 1.397×10-4 3.306×106 

7 4.309×107 5.285×10-2 1.197×10-4 3.967×106 

8 3.591×107 4.404×10-2 9.977×10-5 4.629×106 

9 2.873×107 3.523×10-2 7.981×10-5 5.290×106 

10 2.154×107 2.643×10-2 5.986×10-5 5.951×106 

11 1.436×107 1.762×10-2 3.991×10-5 6.612×106 

12 7.181×106 8.808×10-3 1.996×10-5 7.274×106 

13 2.172×101 0 1.984×10-9 7.935×106 

 

As evidenced by the simulation results of the measuring/dispensing chamber 

presented in Figure 7 and Table 4, the induced stress (4.17x107 N/m2) and 

static strain (1.399x10-4) were at the maximum level at the point where the 

tapered end of the chamber is welded to another structure – just the same way 

it happened in the reservoir. The static displacement was also observed at the 

maximum level at the periphery of the upper end of the chamber. However, 

the induced stress value was still below the yield strength (1.724x108 N/m2) 

of the stainless steel selected for the chamber. 

 

 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. FEM of stress distribution on the  

measuring/dispensing chamber 
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Table 4. Simulation results of the measuring/dispensing chamber 

 

S/N 
Stress distributions 

(N/m2) 

Static displacement 

(mm) 
Static strain FOS 

1 4.170×107 0.9154 1.399×10-4 4.134 

2 3.822×107 0.8391 1.282×10-4 1.366×104 

3 3.475×107 0.7629 1.166×10-4 2.731×104 

4 3.128×107 0.6866 1.049×10-4 4.097×104 

5 2.780×107 0.6103 9.325×10-5 5.462×104 

6 2.433×107 0.5340 8.160×10-5 6.827×104 

7 2.085×107 0.4577 6.994×10-5 8.193×104 

8 1.738×107 0.3814 5.829×10-5 9.558×104 

9 1.390×107 0.3051 4.663×10-5 1.092×105 

10 1.043×107 0.2289 3.497×10-5 1.229×105 

11 6.951×106 0.1526 2.332×10-5 1.365×105 

12 3.476×106 0.0763 1.166×10-5 1.502×105 

13 1.052×103 1.000×10-30 5.561×10-9 1.639×105 

 

The results of the container-turner’s FEA are shown in Figure 8 and Table 5. 

It can be seen that the maximum induced stress (9.018x107 N/m2), static 

displacement (8.582x10-3 mm) and strain (3.015x10-4) were located and 

evenly distributed at the points where the turning shaft is joined to the 

container-turner. This is caused by the concentration of weights of the 

structure and its accessories on the two points. The maximum induced stress 

was still acceptably below the yield strength (1.724x108 N/m2) of the stainless 

steel selected with FOS of 1.9. Thus, the shaft diameter must be carefully 

monitored during fabrication to prevent sagging. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 8. FEM of stress distribution within the container-turner 
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Table 5. Simulation results of the container-turner 

 

S/N 
Stress distributions 

(N/m2) 

Static displacement 

(mm) 
Static strain FOS 

1 9.018×107 8.582×10-3 3.015×10-4 1.911 

2 8.266×107 7.867×10-3 2.764×10-4 7.080×108 

3 7.515×107 7.152×10-3 2.512×10-4 1.416×109 

4 6.763×107 6.437×10-3 2.261×10-4 2.124×109 

5 6.012×107 5.722×10-3 2.010×10-4 2.832×109 

6 5.260×107 5.006×10-3 1.759×10-4 3.540×109 

7 4.509×107 4.291×10-3 1.507×10-4 4.248×109 

8 3.757×107 3.576×10-3 1.256×10-4 4.956×109 

9 3.006×107 2.861×10-3 1.005×10-4 5.664×109 

10 2.254×107 2.146×10-3 7.537×10-5 6.372×109 

11 1.503×107 1.430×10-3 5.025×10-5 7.080×109 

12 7.515×106 7.152×10-4 2.512×10-5 7.788×109 

13 2.029×10-2 1.000×10-30 6.587×10-14 8.496×109 

The minimum FOS values obtained from the FEA of the reservoir, metering 

segment, measuring/dispensing chamber and container-turner of the metering 

machine were 3.3, 2, 4.1 and 1.9, respectively. However, the maximum stress 

values obtained from FEA were acceptably lower than the yield strength value 

of the stainless steel selected for their fabrication as previously mentioned. 

Hence, the simulation results of the whole metering section attest that failure 

may not likely occur since the minimum FOS value obtained so far was 1.9, 

which is sufficient enough to prevent the component parts of the machine from 

experiencing structural failures during service under normal working 

conditions (Olutomilola et al., 2020). However, the locations with the highest 

induced-stresses must be considered and reinforced for optimum performance 

since they are potential areas where failure may likely begin after a long period 

of use (Olutomilola et al., 2019). 

3.2 Design Evaluation of Packaging Section Model 

 

Figure 9 and Table 6 present the results of the FEA conducted on the 

machine’s frame. The maximum induced stress (1.482x108 N/m2), static 

displacement (11.7 mm) and static strain (8.941x10-5) obtained were observed 

to be located at welded joints (directly located above the nylon hangers). The 

static displacement was very high while the induced stress was not too far 

below the yield strength (2.482x108 N/m2) of the mild steel selected for the 

frame with an FOS of 1.7. This is linked to the joints supporting the weight of 

the metering section, its accessories and contents.  
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Figure 9. FEM of stress distribution within machine frame members 

 

Table 6. Simulation results of the machine frame 
 

S/N 
Stress distributions 

(N/m2) 

Static displacement 

(mm) 
Static strain FOS 

1 1.482×108 11.700 8.941×10-5 1.674 

2 1.360×108 10.720 8.196×10-5 1.129×103 

3 1.238×108 9.750 7.451×10-5 2.256×103 

4 1.116×108 8.775 6.706×10-5 3.383×103 

5 9.933×107 7.800 5.961×10-5 4.510×103 

6 8.711×107 6.825 5.216×10-5 5.637×103 

7 7.489×107 5.850 4.470×10-5 6.764×103 

8 6.267×107 4.875 3.725×10-5 7.891×103 

9 5.045×107 3.900 2.980×10-5 9.018×103 

10 3.823×107 2.925 2.235×10-5 1.015×104 

11 2.601×107 1.950 1.490×10-5 1.127×104 

12 1.379×107 9.750 7.451×10-6 1.240×104 

13 1.570×106 1.000×10-30 0 1.353×104 

 

The results of the simulation carried out on the forming pipe are as shown in 

Figure 10 and Table 7. The induced stress and static strain were at the 

maximum level at the point where the flange is welded to the forming pipe. 

Similarly, static displacement was at the maximum level at the exit end of the 

nylon-forming pipe. However, the induced stress (1.931x107 N/m2) was far 

below the yield strength (1.724x108 N/m2) of the selected stainless steel.  
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Figure 10. FEM of stress distribution on the forming pipe 

 

Table 7. Simulation results of the forming pipe 

 

S/N 
Stress distributions 

(N/m2) 

Static displacement 

(mm) 
Static strain FOS 

1 1.931×107 0.2249 1.146×10-4 8.927 

2 1.770×107 0.2062 1.050×10-4 3.241×104 

3 1.609×107 0.1874 9.549×10-5 6.481×104 

4 1.448×107 0.1687 8.594×10-5 9.721×104 

5 1.287×107 0.1499 7.639×10-5 1.296×105 

6 1.126×107 0.1312 6.684×10-5 1.620×105 

7 9.654×106 0.1124 5.729×10-5 1.944×105 

8 8.045×106 9.371×10-2 4.775×10-5 2.268×105 

9 6.436×106 7.497×10-2 3.820×10-5 2.592×105 

10 4.827×106 5.622×10-2 2.865×10-5 2.916×105 

11 3.218×106 3.748×10-2 1.910×10-5 3.240×105 

12 1.609×106 1.874×10-2 9.550×10-6 3.564×105 

13 4.433×102 1.000×10-30 1.238×10-9 3.888×105 

 

The results of sealing roller’s simulation (Figure 11 and Table 8) show that 

the highest induced stress (9.2281x107 N/m2) and static strain (3.477x10-4) 

obtained were evenly distributed at the point where the shaft is joined with the 

roller. The maximum static displacement was also evenly dispersed at the 

pulley-bearing end of the roller shaft. However, the induced stress fell below 

the yield strength (2.482x108 N/m2) of the mild steel selected for the sealing 

roller with an FOS of 2.4. 
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Figure 11. FEM of stress distribution on the sealing roller 

 

Table 8. Simulation results of the sealing roller 

 

S/N 
Stress distributions 

(N/m2) 

Static displacement 

(mm) 
Static strain FOS 

1 9.2281×107 0.3619 3.477×10-4 2.391 

2 8.459×107 0.3317 3.188×10-4 3.248×103 

3 7.690×107 0.3016 2.898×10-4 6.493×103 

4 6.921×107 0.2714 2.609×10-4 9.738×103 

5 6.152×107 0.2413 2.319×10-4 1.298×104 

6 5.383×107 0.2111 2.030×10-4 1.623×104 

7 4.614×107 0.1810 1.740×10-4 1.947×104 

8 3.845×107 0.1508 1.451×10-4 2.272×104 

9 3.076×107 0.1206 1.161×10-4 2.597×104 

10 2.307×107 9.048×10-2 8.718×10-5 2.921×104 

11 1.538×107 6.032×10-2 5.824×10-5 3.246×104 

12 7.695×106 3.016×10-2 2.929×10-5 3.570×104 

13 5.664×103 1.000×10-30 3.404×10-7 3.895×104 

 

The obtained FEA results implied that the packaging machine, when 

fabricated, will be able to satisfactorily perform its intended functions under 

normal working conditions since the maximum stress values obtained from 

the FEA of its components were far lower than the corresponding yield 

strength values of the materials selected for fabrication (Olutomilola et al., 

2019). However, the points that were subjected to these stress values may be 

potential areas where failure may likely begin after a long time of use. 

However, failure may not likely occur since the FOS values obtained for 

critical components were high enough to prevent the machine from 
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experiencing structural failures under normal working conditions 

(Olutomilola and Omoaka, 2018). Thus, it can be inferred that the packaging 

machine’s design is adequate and safe for fabrication. If necessary, the 

materials selected for the machine could be reviewed to further increase or 

reduce the obtained FOS values (Olutomilola et al., 2020).   

 

 

 

4. Conclusion and Recommendation 

 

In this study, a flour packaging machine has been designed for a plant’s 

production line that processes unripe plantain into flour. Its functionality and 

structural reliability were evaluated by simulation, and its design was found 

to be adequate and safe for fabrication as evidenced by the results obtained 

from the FEA of the developed model. This establishes the machine’s ability 

to serve its intended purpose when fabricated and incorporated into the plant. 

Although, the machine is believed not to fail during service by virtue of the 

FOS values obtained from its FEA, the locations with the maximum induced-

stresses are potential areas where failure may probably be initiated after a long 

period of time in service. Thus, there is a need to pay keen attention to the said 

locations during fabrication and care must be taken to reinforce them (if 

necessary) for optimum reliability of the machine.  

 

This study is expected to serve as a guide for the development of packaging 

machines for processing Nigerian agricultural produce using locally or readily 

available materials, tools, manufacturing technologies and discarded-

components of automobiles or electrical appliances (such as wiper motors, 

plungers, etc.) as a way of turning waste into wealth. 
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