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Abstract— In this paper, design and fabrication 
of a garri frying machine is presented. The 
procedure encompasses materials selection and 
the design analysis which entails detailed 
analytical models for the computation of the 
design parameters associated with the various 
components of the garri frying machine that is 
being design. Sample numerical computations 
were presented for the case study machine. 
Specifically, the design concept adopted for the 
case study machine uses a 1 horsepower   (single-
phase) electric motor as a source of mechanical 
power and two (2) electric heaters of 1 KW as 
sources of thermal power. The gari frying pot is 
designed to carry a payload (gari) of 9.84 kg which 
is approximately 10kg per operation. The machine 
operates with stirrer speed range of 10 rad/sec to 
15 rad/sec) which gives the range of values for the 
resisting torque at the stirrer to be from 0.285 N-m 
to 0.428 N-m. After the analytical computation and 
specification of the various parameters associated 
with the machine design, the Computer-Aided 
Design (CAD) models of the various components 
of the Gari frying machine were also developed. 
Also, the isometric drawing and the 3D photo 
realistic rendering of the gari frying machine are 
presented. 

Keywords— Gari Frying Machine, 3D Photo 
Realistic Rendering, Stirrer Blades, Isometric 
Drawing,  Epicyclic Gear Train , Computer-Aided 
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1. INTRODUCTION 

Cassava (Manihot esculenta C) is an important 
root crop consumed as a major staple food in Nigeria 
(Fathima, Sanitha, Tripathi and Muiruri, 2023). Cassava 
has several uses which make it an attractive crop in Nigeria 

and such uses of cassava include the production of gari, 
starch, cassava flour, fufu, cassava chips (Musa, Samuel, 
Sani and Mari, 2022; Ngoualem Kégah and 
Ndjouenkeu,    2023).. Cassava has a conservation life 
that is widely recognized to be of the order of 24 hours to 
48 hours after harvest (Andrew, 2002). It undergoes post-
harvest physiological deterioration (PPD) once the tubers 
are cut off from the main plant (Onyenwoke and Simonyan, 
2014). Post-harvest deterioration simply means the instant 
the crop is harvested or cut off from its parent plant; it 
begins to disintegrate to the point where it spoils. 
Therefore, cassava needs to be consumed or processed as 
soon as possible.  

Gari is one of the many distinct types of food 
products that newly uprooted cassava roots can produce 
(Adekunle, 2023; Nyamekye, 2021).  Gari is dry, crispy, 
white-creamy, and granular. It is produced of roots of 
cassava crushed into a mash, fermented and sieved into tiny 
bits (known as grits). To create the final crispy item, the 
grits are then cooked or fried. Gari is a famous food in 
Nigeria and West Africa and quickly becoming a 
marketable product (IITA, 2012). Gari frying (Grafication) 
is the main terminal unit in the manufacturing of gari. The 
frying of gari is a complicated method. Simply stirring the 
pulverized and sifted mash in a pot over a fire would 
produce a product that, although visually similar to gari, 
would not be gari (Adegbite, Asiru, Salami, Nwaeche, 
Ebun and Ogunbiyi,  2019; Odigboh, 1982).  

Gari is traditionally fried by females over a wood 
fire in shallow earthenware or cast-iron pans. Women use 
wood or calabash spatula-like paddles to press the sifted 
mash against the warm surface of the frying pan, scrape the 
mash off the hot surface rapidly to prevent burning, stir the 
mash strongly and repeat the sequence (Adegbite, Asiru, 



Journal of Multidisciplinary Engineering Science and Technology (JMEST) 
ISSN: 2458-9403 

Vol. 10 Issue 4, April - 2023 

www.jmest.org 
JMESTN42354440 17085 

Salami, Nwaeche, Ebun and Ogunbiyi,  2019; 
Odigboh, 1982). Due to the inherent limitations of the 
traditionally approach to fry gari, researchers have come up 
with some design of gari frying machine. According, this 
work presents the design of gari frying machine. The 
detailed design analysis is presented which entails detailed 
analytical models for the computation of the design 
parameters associated with the various components of the 
gari frying machine that is being design.   Sample design 
calculations are also presented for a case study case study 
gari frying machine that uses a 1 horsepower   (single-
phase) electric motor as a source of mechanical power and 
two (2) electric heaters of 1 KW as sources of thermal 
power. The Computer-Aided Design (CAD) models of the 
various components of the Gari frying machine are also 
developed. Also, the isometric drawing and the 3D photo 
realistic rendering of the gari frying machine are presented.  
2. METHODOLOGY 

The procedure used in the work is first 
presentation of the selection of materials followed by the 
design analysis. The design analysis entails detailed 
analytical models for the computation of the design 
parameters associated with the various components of the 
gari  frying machine that is being design.  Specifically, the 
following machine components design are presented; 
design of the pot (payload analysis), design of stirrer 
blades, gear design and selection and the design of the 
pulley drive.  Furthermore, the description of the machine is 
presented which include the description of the main frame, 
the cantilever, the support rig, the pot support frame, the 
frying pot, the heating system frame, the rotary frame and 
the description of the Stirrer. Eventually, the Computer-
Aided Design (CAD) models of the various components of 
the Gari frying machine are presented along with the 
isometric drawing and the 3D photo realistic rendering of 
the gari frying machine. 
2.1 Design Concept 

The gari frying machine is to have an oval-shaped 
drum/ trough with electrical filament heating medium. In 
order to produce quality gari, the following features are 
considered to be basic requirements for the gari fryer: 
1. A continuous process operation that results in the 

mass production of small and medium scale 
quantities of gari. 

2. A temperature controller which ensures 
simultaneous cooking and dehydration, without 
roasting, until the desired moisture content is 
attained. 

3. An effective mechanism that provids both stirring 
and lump breaking actions so that uniform cooking 
and dehydration in the entire mass are ensured and 
the desired texture produced. 

2.2  Selection of Materials 

The selection of materials for a design plays an 
important role in the functionality of the design. Materials 
selected for the frying pot have good thermal properties, 
transmit heat without getting destroyed and also are not 
toxic in any way to avoid transmitting the germs as they 
will come in direct contact with the germ. Also, the stirrer 
block and shaft are made of food-grade materials. Materials 
used for the heat shield has good refractory properties to 
consume thermal energy and increase the overall efficiency 
of the machine. High strength materials were suitable for 
the main support frame and the support leg, materials with 
good tonsorial strength was employed for the shafts (main 
shaft and stirrer shaft. Materials for other parts were chosen 
based on functionality and cost. Specifically, the materials 
selected for the gari frying machine are locally available 
and are listed in Table 1. 

Table 1: Material selection 
S/N Component/Part Material 
1. Frying pot Stainless steel 
2. Stirrer blade Stainless steel 
3. Stirrer shaft Stainless steel 

4. 
Main support 
frame 

Mild steel 

5. Support leg Mild steel 
6. Transmission belt  
7. Rotary Frame Stainless steel 
8. Main shaft Stainless steel 
9. Pulley  
10. Support shaft Stainless steel 
11. Gearbox Standard part 
12. Pinion gear  
13. Spur gear  
14. Electric motor Standard part 

15. 
Support bearing 
(flat) 

Standard part 

16. Heat retainer  
  
2.3 Design Analysis 

The design concept adopted in this work uses a 1 
horsepower = electric motor (single-phase) as a source of 
mechanical power and two (2) electric heaters of 1 KW as 
sources of thermal power. The mainframe forms the main 
support that supports a greater fraction of the total load 
(weight) of the machine having a box plate that can be 
billed to the ground. It forms the frame for the components 
and provides a base for the frying pot to rest on. The parts 
are analysed  as follows.  

 
2.3.1 Source of Turning Motion 

The turning shaft is used to stir the gari to prevent 
burning of the mash. An electric motor is used to provide 
rotating power to the main shaft which will cause the hot 
stirrer to revolve and rotate inside the frying pot. The 
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Where  a = distance between pulley; β1 = wrapping angle of 
the belt on the small pulley; β2 = wrapping angle of the belt 
on the large pulley; α = belt inclination angle and v = 
velocity of the belt 
Determination of the Wrapping Angle, Β1 and Β2: The 
wrapping angle, β1 for the belt on the pulley small is 
calculated as follows: 

𝛽ଵ ൌ 180 െ 
ଵ଼଴ ஽

గ ௗ
   (23) 

𝛽ଵ ൌ 180 െ 
ଵ଼଴ ൈ଴.ଵଶ

ଷ.ଵସଶ ൈ଴.଴଺
= 180 െ 

ଶଵ.଺଴ 

଴.ଵ଼଼ହଶ
ൌ 180 െ

114.58 ൌ 65.42°.  The wrapping angle, β2 for the belt on 
the pulley large is calculated as follows: 

𝛽ଶ ൌ 2𝜋 െ 𝛽ଵ   (24) 

Hence, 𝛽ଶ ൌ 2ሺ180ሻ െ 65.42 ൌ 294.58°. 

Determination of the Belt Length, L: The belt length for 
the pulley drive system is calculated as follows: 

𝐿 ൌ 2𝑎 cos 𝛼 ൅
గ

ଶ
ሺ𝑑 ൅ 𝐷ሻ ൅

గ௔

ଵ଼଴
ሺ𝐷 െ 𝑑ሻ 

 (25) 
The practical belt length for the pulley drive system is 
calculated as follows: 

𝐿 ൌ 2𝑎 ൅
గ

ଶ
ሺ𝑑 ൅ 𝐷ሻ ൅

ሺ஽ିௗሻమ

ସ௔
           (26) 

Hence, 𝐿 ൌ 2ሺ750ሻ ൅
ሺଷ.ଵସଶሻ

ଶ
ሺ60 ൅ 120ሻ ൅

ሺଵଶ଴ି଺଴ሻమ

ସሺ଻ହ଴ሻ
ൌ

1500 ൅ 1.571ሺ180ሻ ൅
ሺ଺଴ሻమ

ଷ଴଴଴  

𝐿 ൌ 1500 ൅ 282.78 ൅ 1.2 ൌ 1783.98 𝑚𝑚. 

Determination of the Belt Inclination Angle, α:The belt 
inclination angle, α is calculated as follows: 

sin 𝛼 ൌ
஽ିௗ

ଶ௔
   (27) 

Hence, sin 𝛼 ൌ
ଵଶ଴ି଺଴

ଶ ሺ଻ହ଴ሻ  = sin 𝛼 ൌ
଺଴

ଵହ଴଴
ൌ 0.04 . Then, 𝛼 ൌ

sinିଵሺ0.04ሻ ൌ sinିଵሺ0.04ሻ 

Determination of the Belt Velocity: The speed of the belt 
can be calculated according to the formula; 

𝑣 ൌ
గௗே

଺଴
   (28) 

Using the speed and diameter of the large pulley, Nsmall and 
d respectively, 

𝑣 ൌ
గௗேೞ೘ೌ೗೗

଺଴
     (29) 

Hence, 𝑣 ൌ
ଷ.ଵସଶ ൈ଴.ଵଶ ൈଷ଴

଺଴
= 

ଵଵ.ଷଵଵଶ

଺଴
ൌ 0.18853 𝑚/𝑠𝑒𝑐. 

Determination of the Belt Tension: The tension in the belt 
is dependent on the belt velocity and the transmitting power 
P: 

𝐹 ൌ
௉

௩
   (30) 

Power transmitted by belt is calculated as follows: 

𝑃 ൌ
ଶగே்

଺଴
   (31) 

Where  N = rotational Speed in rpmand T = Torque 
generated, then; 

𝑃 ൌ
ଶൈଷ.ଵସଶൈଷ଴ൈ଴.ସଶ଼

଺଴
ൌ

଼଴.଺ଽ

଺଴
ൌ 1.345 𝑊. Therefore, tension 

in belt  𝐹 ൌ
ଵ.ଷସହ

଴.ଵ଼଼ହଷ ൌ
ଵ.ଷସହ

଴.ଵ଼଼ହଷ ൌ 7.13𝑁. 

A. 3. The Description of the 
Machine  

The CAD model of the Gari frying machine is 
shown in Figure 5. As shown in Figure 5, the gari frying 
machine developed in this work is made up of the following 
main parts and components; the heating pot, the frame 
which is divided into the mainframe and the pot support 
frame, the cantilever support, epicyclic gear train, support 
rig, stirrer, belt drive system, heating system, electric motor 
and the control panel. 
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