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ABSTRACT
This study focuses on the modification and testing of a gari frying machine to enhance its efficiency and address challenges associated with existing designs, such as high operational costs, frequent breakdowns, and limited throughput capacity. The primary aim was to redesign the power transmission system from manual to motorized operation and evaluate the machine's performance in terms of efficiency and throughput capacity. The modified machine incorporates a 5hp single-phase electric motor, a gas burner for consistent heating, and a robust stainless steel frying chamber insulated with fiberglass to minimize heat loss. Key design considerations included ergonomics, gender-friendliness, durability, and cost-effectiveness, ensuring suitability for small to medium-scale gari processors. Performance tests revealed that the machine achieved a maximum frying efficiency of 75% and a throughput capacity of 19.1 kg/hr at a mash moisture content of 43.12%. The results indicate significant improvements in frying time and product quality compared to traditional methods. This modified gari frying machine offers a reliable, efficient, and affordable solution for small-scale processors, contributing to improved productivity and reduced post-harvest losses in cassava processing.

CHAPTER ONE

INTRODUCTION

1.1
Background of the Study

Cassava which is Known biologically as (manihote-sculentacrantz) is a crop has many varieties. Cassava is a perennial woody shrub In the Euphorbiaceous (spurge family) native to South America, but now grown in tropical and Sub-tropical areas worldwide for the edible starchy roots (tubers) which are a major food source in the developing world, in equatorial regions including Africa, South, America, and Oceania, is also known as yucca, manioc and tropical. (Kim, 2009).
      
It is a major food crop in Nigeria. It supplies about 70% of the daily calorie of over 50million people (Agbetoye, 1999) and about 500million people worldwide. It is basic staple food to more than 70% of Nigerian population and it is consumed at least once every day (Njoku and Munezhe, 2008). It was probably the emancipated slaves who introduced the cassava crop into Southern Nigeria and they returned to the country from South- America via the Islands of Sao-Tome and Fernandopo. At the time there was Portuguese colonies off Nigeria shores (Ibrahim and Ajibola, 2022). Cassava, however did not become important in the country until the end of the nineteenth century when processing techniques were introduced, as many more slaves returned home. The cassava root is long and tapered, with firm homogenous flesh encased (in a detachable rind, about 1mm thick, rough and brown on the outside. Commercial varieties can be 5cm to 10cm in diameter, at the top and around 15cm to 30cm long (FAO, 2003). As a cash crop, cassava generates cash income for the largest number of household in comparison with other staples (Adeniji et. al., 2011). Currently, quality of garri can be enhanced by adding few drops of palm oil. At the end of the frying operation, the product is still hot and  little  bit damp.it is then allowed to cool and dry It is then allowed to cool and dry in a cool and dry shade, until the moisture content is reduced to 12% (Gbasouzor, et al.,2012)

         Garri frying (Garification), through a dehydrating process is not a straight forward dry process (Igbeka, 1995). It is not possible to produce garri from cassava pulp by just passing heated air through it. The product of garification is a simultaneously cooking and dehydrating operation. The product is first cooked with the moisture in it and then dehydrated. The heat intensity drying frying affects the quality of the product. The heat intensity drying frying affects the quality of the product. The moisture content of dewatered and sieved cassava mash is between 40 to 45% which has to be reduced to around 12% after the frying operation in the village technique, the initial frying temperature is relatively low so as to avoid the information of many lumps or cracking
. As the moisture content reduces and most of the small lumps developed have been broken down by constant pressing and agitation, the heat is then increased in order to further cook and dehydrate the product. The colour and taste of garri can then be enhanced by adding a few drop of palm oil (Ibrahim and Ajibola, 2022).

Traditionally garri is fried by women in shallow earthen ware of cast iron-pan (Agbada, Nigerian) over a Wood fire. Women use spatula-like paddles of wood or calabash selections to press the sieved mash against the surface of the frying pan and turn to vigorously to avoid caking. The operator sits by the fire pan while frying. This discomfort due to heat and the sitting posture of the operator have been concern to researchers. Thus, some innovations and improvement have been initiated and carried out in the equipment and the general set-up of the village method so as to alleviate the problems encountered by women. (Ibrahim and Ajibola, 2022).
1.2 Problem Statement of the Study

From time immemorial, garri have been fried locally through burning of woods and these have had adverse through burning of woods and these have had adverse health effect on populace. The local method of processing cassava roots into garri is a tedious and health challenging process that necessitate the need to replace human efforts in garri processing (especially garri frying ) with electro-mechanical machine.(Abass and Ogundipe, 2017).

As a result of the above stated problem, the design of this machine take into account all the aforementioned problems and addressed all the short-coming in the existing machine and this fabrication a machine that eliminate stress and improve the quality of the garri to meet the consumer needs.

1.3 
Aims and Objectives of the Study

The study aim at modifying and testing of an existing gari frying machine in order to improve and eliminate the challenges associated with previously developed machine.

The specific objectives are to: 

i. re-design the power transmission system of an existing gari frying machine from manual to motorized operation.
ii. test the fryer in terms of machine efficiency and throughput capacity 
1.4    Justification of the Study.
The major essence of this study is to develop a system that will eliminate the time consuming, uncontrollable and health hazard posed to the operator of the village technique of garri frying, and at the same time simulating this village technique in order to obtain a good quality garri. This study is thus significant in the sense that it will bridge the gap between the traditional technology and energing modern technology, merging the advantages of both to produce a desirable affordable available and acceptable product.

1.5
Scope of the Study 


Cassava harvested and not processed within 48hrs undergoes post-harvest losses. The study is limited to one variety cassava, an existing frying machine etc.

CHAPTER TWO

2.


          LITERATURE REVIEW
2.1 
History of Cassava

Originally a crop south America, It was introduced into Nigeria Southern part during the period of slave trade proliferated by portuguese explorers and colonizers in the sixteen century (Adeniji et al. 2005).

However, it is importance to the country got a boost in the late nineteenth century when more firmly enslaved Nigerians returned to their home land and introduced processing techniques over the years. It has become a major economic Subotance crop and it has attained the status of largest producer in the world with recorded crop of great importance to the people of Nigeria (Adeniji et al., 2005).

2.2 
Production of Cassava in Nigeria.

In Nigeria, Cassava production is well developed as an organized agricultural crop. It has well-established multiplication and processing techniques for food products and cattle feed. There are more than 40 cassava varieties in use. Though the crop is produced in 24 of the country's 36 states, Cassava production dominates the Southern part of the country, both in terms of area covered and a number of farmer growing the crop. (Adeniji et al., 2005) Planting occurs during four planting Seasons in the various geo-ecological zones, the major states of Nigeria which produce are Anambra, Delta, Edo, Benue, Cross River, Imo, Oyo and Rivers and to a lesser extent Kwara and Ondo. In 1999, Nigeria produced 33 million tonnes of a 200, the average yield per hectare was 106 tonnes. Cassava is grown throughout the year making it preferable to the seasonal crops of yam, beans or peas. It displays an exceptional ability to adapt to climate change, with tolerance to low soil fertility, resistance to drought conditions, pests, and disease, and suitability to store its roots for long periods underground even after they mature, as it can be harvested from 6 months to 3 years after. 

The land holding for farmers in Nigeria is between 0.5-2.5 hectares (1.2-6.2 acres) with about 90% of producers being small scale farms. In order to increase production, several varieties of cassava have been developed which are pest resistant. Production in the country is hampered by problems with green mite, the cassava mealy buy, and the variegated grass hopper. Diseases affecting cassava crop are mosaic disease, bacteria blight, anthracnose and root rot (Adeniji, 2003).

2.3 
Government Intervention in Cassava Production in Nigeria.

According to a Nigeria presidential initiative of July 2002 the cropped areas of cultivation of cassava was proposed to be increased to 5 million hectares by the end of 2010 with a projected annual yield of 150 million tonnes resulting in an annual export earning of us billion. An adaptation to the introduction of vitamin A rich cassava. The federal Government of Nigeria launched a project to introduce vitamin A cassava varieties to 1.8 millions farmers in the country. The 2002 presidential initiative by former president Olusegun Obasanjo, composite cassava flour was however received even before it reached market by his successor, president Umar Musa Yar'adua (Okpetu. et al., 2012).

Special Adviser to the chairman of the defunct presidential committee on cassava Initiative programme Under of the chief Olusegun Obasanjo's Regime, who also double as the chairman, New partnership for African development's pan. African Cassava Initiative, Mr Boma Anger, argues that in ability to back the cassava policy with a legislature bill that will survive any government was what killed the Obasanjo Initiative. Bomaanager and his commissioner of Agriculture, Ogun state, Engr. Ago Igbubiri are of the strong opinion that the new FG. Cassava Initiative by president Goodluck Jonathan will suffer the same fate as the old one except backed by a legislature bill (Okpetu et al., 2012)

24. 
Uses of Cassava.

Cassava, which is rich in starch in the form of carbohydrate, has multiple use. It is consumed in many processed firms in the industry and also as livestock feed (Adenyi et al., 2005). Root or leaves are made into flours. Flour are of the types, yellow garri, white garri or intermediate colour, with yellow garri considered are as by extraction of starch, glue or adhesives, modified starch and pharmaceutical as dexterous as processing inputs as industrial starch for drilling and processed foods (Okpetu et al., 2012).

2.5 
Gari Processing Technologies

2.5.1 
Peeling and Washing Machine

This is technology used for removal of the uneatable outer parts of the roots comprising of the corky periderm and the cortex. These are toxic comprising of the cyanogenic glycosides, not good for human health. Hence, for a root composed of 15% peel with a total cyanide content of 150 mg/kg (fresh weight basis) and 35 mg/kg in the flesh, 83% of the total cyanide is removed by peeling (Ozybo and Bangboye, 2009). Traditionally, peeling is usually done manually with the knives. Crude method or manual peeling is labor consuming and labor intensive, but its yields are still the best results. The output of one person is about 2.5 kg/hour of peeled roots with a loss of 25-30% of weight in the peels. New technologies of peelers are inake now which reduces drudgery and tediousness involved in the peeling with higher capacities more than that reported by Kolukunle and Jimoh, 2012). The pictorial view is shown in plate 2.1.
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Plate 2.1: Peeling and Washing Machine (Ekimpiegha, 2017)

2.5.2 
Grating Machine

This technology (Plate 2.2) is used for crushing of cassava roots into pastry from called mach. Both the annual of grating technologies, grating operation was being carried manually. Crude method of grating is always measured the most tiresome and throbbing operation of the whole exercise. To adopt a traditional means of grating 100kg of fresh peeled cassava roots was normally need 10-15 women for 2 about day. The grate's manual is usually a galvanized sheet or even a flattened piece of tin, punched with about 3mm diameter nails leaving a raised Sharp flange on the bottom. It is not possible to completely grate a whole cassava piece doing manual method 3% to 5% of the cassava must be left un-grated (Zigidiboed Bamgboye, 2000) A skillful person can produce rarely grate about 30kg/hr. Improved mechanized grater's have been developed and tested as new technologies to reduce drudgery in grating. (Kehinde and Subuola, 2015)
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Plate 2.2: Grating Machine

2.5.3 
Fermentation Operation

At the village level, fermentation and de-watering are performed in a single function. The grated mash is packed inside basket, jute bags or perforated plastic sacks and left to ferment for 1-4 days. The method of the operation affects the colour, taste, texture and quality of the garri obtained at last. This service time can be reduced by seeding the freshly grated mash with previously-fermented liquor as a starter, provided that it can be mixed properly. Fermentation process either by solid of sub-merged fermentation reduces the cyanide content of cassava (Imeh and Odibo, 2023). Fermentation involves a series of micro-organisms and the prevailing condition determine which organisms and the dominate hence the need to control or monitor the process closely (Kehinde and Subuola 2003)

2.5.4 
Dewatering Machine 

In the processing of dewatering soluble cyanide and organic acid are removed with the press liquor containing some quality of starch which is gathered by permitting the liquor of settle and decanting off the liquid. In larger scale operations, the ideal method the wet is left to ferment between one to four days in its container before passing through the dewatering process pressing is done using a number of designs of screw or hydraulic jack in which the pulpe filled in a bag is placed between two parallel boards to apply pressure to the bag using jacking or screw handles. This operations are usually done by men (Taw et al., 2001) the Idea has been extended to a several designs ranging hydraulic pumps to electrical machine with capacity of about 300kg/hr as shown in plate 2.3.
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Plate 2.3: Electrical Dewatering Machine

2.5.5 
Sieving Machine 

After pressing operation the de-watered cassava mash is usually in a form of solid cakes called lumps which are broken down and sieving to remove the stalks and fibres (from the central vascular strands) and to obtain a homogenous mixture of a product standardized particle size is important because it make products to come fine during roasting or frying operation, Smaller particle taking less time and less energy in roasting. Without the achieving uniform particle size during sieving causes large lumps formation. Traditionally, Sieving is done manually.
Using sieves made from palm leaves, bamboo or raffia cane. Advancement technology has led to design of a mechanical sieve with high capacities up to 500kg/hr as presented in plate 2.4.
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Plate 2.4 Electrical Sieving Machine.

2.6 
Human Factor in Machine Fabrication and Safety.

Due to the available resources on ground during the construction, some manufacturing defects have been incurred such as losing of generated heat to the environment which proves to reduce drastically, the total time of frying the garri mash. Materials for lagging are not in place during the coupling section which means that the hollow space between the main body mild steel and the stainless steel for the frying pan were not lagged to reduce the temperature of the machine body. (Ibrahim and Ajibola, 2022) The implication of this is that the machine may prove to be extremely hot when used continuously. But, a cooling fan is in place to compensate this flaw by relieving the degree of hotness of the body of the machine. More so, it is designed to be operated indoor that is the reason why the frying chamber is not covered. All these are aforementioned production flaws are thereby subjected to developments as this is just a pathway to improve technology of garri production although, the machine is tested to operate with desired output. (Ibrahim and Ajibola, 2022). Incorporating mechanical and electronics technology (mechatronics) to achieve an improved method of frying garri to minimize human stress and health hazard is achieved at the end of the construction.

2.7 
Health in Relation to food Consumption.

The healthy living of the citizen in relation in their consumption of food is very vital to the food processing companies and food production regulation agencies. Nevertheless, an engineer is also concern about developing safe devices and machine to facilitate the production of food with the appropriate engineering materials which will not be hazardous to the healthy living of human and animals (Ibrahim and Ajibola, 2022). 

These points were also considered during engineering materials selection to suit the design of the machine. This includes consideration of effect of corrosion on the human body among others. (Ibrahim and Ajibola, 2022) Appropriate materials are assumed to be selected for the construction. Garri production involves generating heat to reduce the moisture content of garri from about 50% to about 10% as considered to be healthy for consumption. With the conditional method of frying in the village, the production is subjected to great hazards of contamination and poisoning if sweets and other objects are allowed to be trapped in the frying chamber (Ibrahim and Ajibola, 2022). Although the process involves heat which may kill any form of bacterial but meanwhile, some bacterial grows and survives at even a high temperature. (Ibrahim and Ajibola, 2022).

2.8 
Safety Precautions in Machine Operation.

The following safety precautions be observed when using or operating the machine, as reported by (Ibrahim and Ajibola, 2022)

i. The machine must be operated by a technical know-how
ii. The machine must not be operated in the rain or muddy place.
iii. The operator is advised to use a proper hand glove while operating the machine.
iv. The Control Panel is programmed based on calculation to control the machine operation, it must not be tampered with as this may lead to break down of this control unit.
v. The machine must not be operated by kids in no circumstances.
vi. The machine could burn on improperly wired domestic installation due to power consumption.
vii. The machine should not be used with small capacity generator sets meant for domestic purpose.
viii. The machine should be used with a 3-Phase electrical Outlet.
ix. The element electrical element must not be tested working with bare hands for risk of electric shock and electrocution. (Ibrahim and Ajbola,2022).

CHAPTER THREE



      
        MATERIALS AND METHODS

3.1
Description of the Machine

The motorized garri frying machine (Plate 3.1) is an innovative and efficient tool designed for the frying of garri. It is composed of various components: including the main frame, frying chamber, set of paddles, gearbox, shaft and coupling, gear wheel, electric motor, gas burner, and outlet that work harmoniously to ensure the frying process is smooth and consistent. At the heart of the machine is the main frame, constructed from 50 × 50 × 5mm mild steel ‘L’ iron. This sturdy structure serves as the foundation on which all other parts are mounted, providing support and stability during operation. The main frame has dimensions of 600mm in length, 340mm in breadth, and 850mm in height, making the machine compact and space-efficient.

The frying chamber is the core element where the garri is placed for frying. It has the shape of a cylindrical pot with a double-wall design. The internal wall is made of stainless steel due to its direct contact with the garri during the frying process, ensuring hygienic and corrosion-resistant conditions. To minimize heat loss and enhance thermal efficiency, the internal wall is insulated with fiberglass and enclosed with mild steel sheets. The frying chamber has an internal diameter of 480mm, an external diameter of 580mm, and a height of 200mm, offering ample space for frying a significant amount of garri at once.

To facilitate the frying process, a set of paddles is installed within the frying chamber. These paddles, made from 1.5mm stainless steel sheets, have a shape similar to canoe paddle sticks. Their dimensions of 120mm × 150mm × 60mm allow for efficient stirring and rotating of the garri during frying. The paddles are securely attached to the supporting shaft through bolt and nut fastening, ensuring they remain in position while in use. The shaft, made from 35mm mild steel, plays a crucial role in the functioning of the machine. The main shaft runs directly from the gearbox, passing through a pair of bearings that are fixed onto the main frame at the center of the frying chamber. Across the diameter of the main shaft, a larger gear wheel is positioned. Another supporting shaft runs through a separate pair of bearings, and its housing is welded firmly to the main shaft. This supporting shaft is connected to the main shaft via a smaller gear wheel, enabling it to rotate along the larger gear wheel when the main shaft is in motion. Consequently, the supporting shaft, along with the set of paddles attached to it, also rotates centrally along the axis of its bearing housing, ensuring even and thorough frying of the garri.

To power the machine, a 5hp single-phase electric motor is used, providing ample energy for efficient frying. The motor is connected to the gearbox through a belt drive system, which, in turn, connects to the main shaft via a coupling. This arrangement allows for controlled and precise rotation of the paddles during the frying process. The machine is equipped with a gas burner, positioned directly below the frying chamber, which serves as the primary heating source. The burner provides consistent and adjustable heat, essential for achieving the desired level of frying for the garri. An outlet is also integrated into the design to collect and discharge the fried garri conveniently.

[image: image93.png]Adobe ExportPDF @

Convert PDF files to Word o Excel
online,

Select PDF File:

» Combine PDF

03 0w e

13/205



[image: image94.png]&\ g
o
32
g
NE]
%[
SE
HE
-
2|2
HE
S
&z
8|5
2|2
5l

Comment

Fill & Sign

Tools

512PM

BTN 3.3





FRONT VIEW OF GARI FRYER


PLAN VIEW OF GARI FRYER 
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ISOMETRIC VIEW OF CASSAVA FRYING MACHINE
Figure 3.1: The Motorized Gari Frying Machine
3.2 
Design Consideration

The design considerations for the garri frying machine are as follows:

i. 
Ergonomics of the Machine: Ergonomics involves designing the machine with the comfort and safety of the operators in mind. The machine is user-friendly and has accessible components, reducing strain and fatigue during operation. The height and positioning of the frying chamber and paddles was optimized to minimize bending and reaching for the operators. Additionally, the machine's overall design promotes good posture and reduces the risk of work-related injuries.

ii. 
Gender Friendliness: The machine was designed to accommodate both male and female operators. Consideration was given to the physical strength and body sizes of both genders, ensuring that all operators can use the machine comfortably.

iii. 
Small to Medium Scale Operation: The garri frying machine was designed to suit small to medium-scale garri processing operations commonly found in rural and semi-urban areas. Its capacity is suitable for frying a moderate quantity of garri without overwhelming the operators or wasting energy when frying small batches.

iv. 
Durability: To ensure longevity, the materials used in constructing the machine is resistant to wear and tear. Components subject to high temperatures was be made of heat-resistant materials, and all parts was well-protected against corrosion and damage caused by exposure to heat and moisture.

v. 
Maintenance and Serviceability: The design enables easy access to all components that requires maintenance or repair. Components that are likely to wear out or require regular maintenance was designed for easy replacement.

vi. 
Efficiency and Energy Conservation: The machine was designed for optimal energy efficiency. This includes properly insulating the frying chamber to retain heat, reducing heat loss during operation. The use of energy-efficient electric motors and burners was also considered.

vii. 
Hygiene and Food Safety: The machine was designed with easy-to-clean surfaces and materials that meet food safety standards.

viii. 
Cost-Effectiveness: The design balances performance and cost-effectiveness. Using locally available materials and standard components help reduce production costs, making the machine affordable for small-scale garri processors.
3.3
Material Selection 

The material selection for the motorized garri frying machine was thoughtfully considered, taking into account several factors to ensure the machine's efficiency, durability, and cost-effectiveness. The motorized garri frying machine was designed using materials that offer a balance between frying ability, durability, ease of fabrication, and cost-effectiveness. Mild steel and stainless steel were selected for their ease of fabrication, and availability. These materials provide the necessary strength and resilience for the fryer while ensuring easy maintenance and cost-effective production of the machine. The following material selection considerations were taken into account:

i. 
Availability of the Material: Materials were chosen based on their local availability to reduce production costs and ensure a steady supply for manufacturing the machine. Using readily available materials also simplifies the sourcing process and reduces lead times, making production more efficient.

ii. 
Frying Ability of the Machine: The primary component responsible for frying is the paddle. The material for the paddle was selected based on its wear resistance. A 1.5mm stainless steel sheet was chosen for the paddle to ensure durability, and efficient stirring of the garri.

iii. 
Ease of Fabrication: Materials were selected based on their ease of fabrication, allowing for cost-effective manufacturing processes. Mild steel and stainless steel are commonly used metals that are relatively easy to work with, weld, and shape, facilitating the construction of the machine's components.

iv. 
Cost: Affordability was a significant consideration in material selection. Choosing cost-effective materials, such as mild steel and stainless steel, ensures that the overall production cost of the machine remains reasonable without compromising its functionality and performance.

v. 
Ease of Maintenance: Materials were chosen with an emphasis on ease of maintenance. Using materials that are resistant to wear, corrosion, and deformation reduces the need for frequent maintenance and replacement of components. Additionally, materials that can be easily repaired or replaced

3.4
Design Analysis and Calculations


The machine has the following design analysis:  

i. The machine will be power driven 

ii. The machine will make use toothed gear kinetics 

iii. The machine will use heat absorbing aluminum alloy for shirring without friction  

iv. The shirring speed is to be low with high torque through the worm and warm gear speed reducer

v. The gearing input will be speed reducer 

vi. Warm pulley diameter is ø200mm (driven pulley) 

vii. Warm shaft driver pulley Diameter = ø70mm 

viii. Number of teeth on driver gear/output worm gear = 44

ix. Number of teeth on paddle gear = 23

x. Dimension of paddle/sterier face are 

xi. Sperm of opposing shirrer 200m ≤ radius of firing chamber.

xii. The speed reducer gearing is of velocity ration of 11:30

xiii. The speed of prime move is 1440rpm 
3.4.1
Design Consideration 

i. Main driving torque due o speed reducer from worm gear driver 

ii. The forces on the warm and worm gear

iii. The output power of worm/worm gear 

iv. The input power of the worm/worm gear 

v. The efficiency of the worm/worm gear 

vi. Power loss due to friction 

3.4.2
Design Equation 

i. Pitch line velocity of the worm (Vtw)


According to Robert et al., (2018) as stated in equation 3.1


Vtw= 
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3.1
Where Dw = Diameter of the worm (mm)

Nw = Speed of the worm (rpm)

ii. Pitch were velocity of the worm gear (VtG)


According to Robert et al., (2018) as expressed in equation 3.2



VtG = 
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3.2
iii. Velocity ratio (V.R) of the worm gear 


This is given by equation 3.3 




VR= 
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3.3 
iv. Circular Pitch (P) of the worm gear


This is given by relation as stated in equation 3.4


P= 
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3.4

Pd= diameter pitch 

N= Number of teeth in gear or worm 

D= Gear diameter 

v. Diameter pitch (pd) of worm gear as given by equation 3.5

Pd= 
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3.5
vi. Worm gear pitch diameter (DG) as stated in equation 3.6


DG = 
[image: image10.wmf]d

G

P

N









3.6

vii. Gear rpm for worm gear (nG) as expressed in equation 3.7


nG = 
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3.7


nw = Speed of worm = Speed of prime mirror = 1440rpm


VR = 
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viii. Minimum Diameter of worm (Dw) as given in equation 3.8


Dw =  
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3.8


C = Center distance (mm) = 5 inches = 127mm. 

ix. Power transmitted by worm gear P as  expressed in equation 3.9


P = 
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3.9

T= Torque transmitted, 
nG = Gear speed

x. Worm Design for Torque and Power Worm Torque.

This is obtained from torque due to the pulley drive according to Khurmi and Gupple (2010) as expressed in 3.10


Torque (Nm) = 
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Where;

P= Selected power of prime mover = 5HP = 5 x 750w








    = 3,750w








    = 3.75kw

N= Prime mover speed = 1440 rpm 

Torque T due to belt drive
= 
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= 24.86Nm
Belt drive torque = worm torque 

· Worm torque = Input torque for worm gear 

xi. Worm Gear Design Calculation

Tangential force on worm gear   

According to Robert et al., (2018) as given in equation 3.11, 3.12 and 3.13 

WtG = Tangential force on worm gear = 
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Where DG = Diameter of worm gear = MTG


3.12

WtG =  
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3.13

Where m = module of the worm thread = 3 


= [image: image21.png]


 

WtG = 0.67N. 

Torge transmitted by warm gear (TG) according  to khirm and Gupte (2018) as stated in equation 3.14, 3.15 and 3.16 
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Where P = power transmitted by warm gear  = 3750N (selected)




NG = speed of warm gear   
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Where Nw = speed of warm = 
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3.16


But NiDi = N2D2

Where 

N1 = prime were speed = 1440



N2 = Driven pulley speed 

D1 = prime mover (Driver pulley) diameter = 70mm

D2 = Driven pulley diameter = 200m
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NG = warm Gear speed =   
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Where  V.R = velocity between of warm/arm Gear = 1:30
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Note TG warm Gear torgue transmitted to connecting shaft down toward the Garri.

xii. Stirrer shaft size design

According to Khurm and Gupta (2010) as expressed in equation 3.17, 3.18 and 3.19
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Where     
d  = 
the required diameter (mm)



P = 
jorime morer power (W)



N =  Rotating speed of the required shaft



 = Speed of the worm gear (rpm)



= 16.7rpm
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d = dN = Nominal diameter = 6.295m

dD =  Design diameter = Nominal diameter x service 


service factor Sf = 5

   dD 
= dN x 5F 


= 6.295 x 5 


= 31.475 

We select the nearest whole number = 30mm.


dD  = 30mm (Because of projection carryout required)

xiii. Spur Gear Drive Design

Pitch  mine velocity of the spare gear drive (Vt)


According to Robert et.al., (2018) as stated in equation 3.20


PHCH line velocity is given by 
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3.20

Vt = pitch line velocity of the pinion on the stationary spair gear = speed of the strirer 

DP = Pitch Diameter of the pinion = D


= mTp
M = module of the Gear teeth = 6

Tp = Number of teeth on pinion = 23

Dp = Pitch diameter of pinion = 6 (23)





= 138m

If  Dp = 138mm

Then  
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Power deliver to the stirrer (Ps)

according  to Robert et.al. (2018) as given in equation 3.21

PS = Tw


= 
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3.21

T = torque delivered to pinion =   2131.35Nm





NP = speed of strirer  = 32.09rpm
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3.5 
Fabrication Procedure and Assembly

The fabrication procedure and assembly of the motorized garri fryer machine involved several steps to ensure the precise construction of each component and their secure attachment to the main frame. Table 3.1 below is a detailed description of the fabrication and assembly process:

Table 3.1: 
Detailed Description of the Fabrication Process

	S/N
	Component Part
	Fabrication Procedure and Assembly

	  1.
	Main Frame
	The 'L' iron was cut to the required size using a hacksaw, following the appropriate measurements taken with a steel tape and marked out with a scriber. The bottom bracings were also measured and cut with a hacksaw to ensure clean and accurate cuts for ease of welding. The main frame assembled by aligning the cut pieces and join them permanently using an electric arc weld machine with gauge 12 electrode. Welding was performed with precision to ensure structural integrity. Holes were created in the main frame for attaching other components using a pillar drilling machine, ensuring proper alignment and spacing.

	2.
	Frying Chamber
	The stainless steel and mild steel sheet was measured with a steel tape and cut to the required size with an angle grinder. They were rolled to a cylindrical shape using the manual rolling machine. They were welded permanently together using an electric arc welding machine and gauge 12 electrode as the joining medium. The pot was then joined to the main frame by welding.

	3.
	Set of Paddles
	The stainless steel sheet was measured with a steel tape and cut to the required size with an angle grinder. They were bent to form paddle using the manual bending machine. They were welded permanently together using an electric arc welding machine and gauge 12 electrode as the joining medium. They were then attached to the roller by bolt and nut fastening.

	4.
	Gear Box
	The gearbox is a bought out component. It was attached to the mainframe by bolt and nut fastening.

	5.
	Shaft and Coupling
	The shaft was made from 30mm mild steel solid rod. The shaft was machined on the lathe according to the design specifications using step turning and facing techniques. The keyway was slot on the shaft using a shaping machine to match the size of the pulley for proper key and bolt and nut fastening. The procedure was also followed for making of the coupling.

	6.
	Gear Wheel
	The gear wheel was machined on the lathe and then the gear tooth was cut using the milling machine. The key way was then slotted on the shaping machine to match that on the shaft.

	7.
	Electric Motor and Gearbox Base
	The length of the 'L' iron was cut to the required size with hacksaw after appropriate measuring with a steel tape and marking out with a scriber. The bottom bracings were also measured, marked out with the scriber and cut with hacksaw to ensure they are neatly cut out ease of welding. The reduction gear box seat was assembled and joined permanently with an electric arc weld machine using gauge 12 electrode. Holes for attaching the electric motor to the seat were made using a pillar drilling machine.

	8.
	Gas Burner
	The gas burner is a bought out component. It was attached


3.6

Production Cost 

Table 3.2: 
Bill of Engineering Measurements and Evaluation (BEME)

	S/N
	Material Specification
	Quantity
	Rate (₦)
	Amount (₦)

	1.
	1.5mm Stainless Steel Sheet
	1/4
	80,000
	40,000

	2.
	1.5mm Mild Steel Sheet
	1/4
	36,000
	18,000

	3.
	Angle Iron
	1/4
	10,000
	5,000

	4.
	Fiber Glass
	1 bag
	5,000
	5,000

	5.
	M30 Mild Steel Shaft
	1m
	8,000
	8,000

	6.
	Gear Wheel
	2
	5,000
	10,000

	7.
	Bearings
	4
	3,000
	12,000

	8.
	Coupling
	1
	3,500
	3,500

	9.
	Gear Box
	1
	100,000
	100,000

	10.
	Bolt and Nut
	2 doz
	750
	1,500

	11.
	Consumables
	Lump
	10,000
	10,000

	12.
	Painting
	Lump
	5,000
	5,000

	13.
	Machining
	Lump
	15,000
	15,000

	14.
	Workmanship
	Lump
	20,000
	20,000

	
	Total
	
	
	253,000


3.7.
Performance Evaluation

3.7.1 Experimental material

The cassava used for the study was purchased from Gamo market in Ilorin South Local Government Area of Kwara State, Ilorin, Nigeria. Plate 3.1a and 3.1b shows the cassava plant and cassava peeled tubers
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Plate 3.1a
Cassava Plant 

    Plate 3.1b
Cassava Peeled Tuber 

3.7.2 Sample Preparation

The fresh cassava tubers were manually peeled, washed, grated and weighed int into samples using digital weighing machine.

The initial moisture content of the mash was determined by moisture analyzer and oven dried method
3.7.3 Experimental Design

The bagged cassava mash was mechanically pressed to remove water to desired moisture content wet basis (43.12 to 53.94%) and sifted mechanically to remove lumps. A randomized design was used with three replicates.
3.7.4 
Experimental Procedure

The sample of cassava mash prepared was introduced into the frying machine at selected temperature and time of frying. The fried gari was collected after each batch operation.

3.7.5
Output Parameter


The following output parameters was adopted for this study as reported by Sobowale et al., (2016)

i. Frying efficiency (FE): The frying efficiencies which is the degree of dryness of a given quality of gari produced from the drying machine was determined as stated in equation 3.22
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3.22

Where; 


FE is the machine efficiency (%)


Mi is the initial mass of the cassava mash (kg)


Mf is the final mass of the gari obtained (kg) 
ii. Throughput capacity (CT): Is the quality of the gari fried per unit time as expressed in equation 3.23. 
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Where;



CT 
=
Throughput capacity (kg/s)



T
=
Time (s)



Mf 
=
Final mass of the gari obtained (kg) 
3.7.6
Statistical Analysis: The data obtained was analyzed using randomized design with three replication.  
CHAPTER FOUR




      RESULTS AND DISCUSSION

4.1
Result


The raw data obtained from the experiment is as presented in Appendix A. The summary of the result of the study is as shown in Table 4.1

Table 4.1: Result of input and output parameters of the experiment 

	S/N
	Mash moisture content m.mc (%)
	Mi (kg)
	Mf (kg)
	Ft (hr)
	Ct (kg/hr)
	Me (%)

	1.
	53.94%
	5.00
	2.50
	1.09
	6.9
	50

	2.
	49.31%
	5.00
	2.75
	0.95
	8.7
	55

	3.
	47.99%
	5.00
	3.00
	0.89
	10.11
	60

	4.
	45.99%
	5.00
	3.25
	0.78
	2.5
	65

	5.
	44.00%
	5.00
	3.50
	0.67
	5.7
	70

	6.
	43.12%
	5.00
	3.75
	0.59
	19.1
	75


4.2
Discussions 


The discussion in both machine efficiency and throughout capacity of the fryer is diseased below.

4.2.1
Discussion on machine efficiency


Machine efficiency was observed to increase as the mash moisture content decreased. The best machine efficiency of 75% was obtained when  the mash moisture content was 43.12% wb. Similar result was also reported by Sobowale et al., (2016), in which they recorded a maximum machine efficiency of 92.20% in throughput capacity and frying time.

4.2.2
Discussion on Throughput Capacity 


The throughput capacity of the frying machine under the different mash moisture content range from 6.1-19.1 kg/h (Table 4.1). As the mash moisture content reduced, the throughput capacity increased as shown Table 4.1 The lowest throughput capacity of 6.9kg/hr which was recorded at 53.94%wb while the highest throughput capacity was obtained at 19.1kg/hr at 43.12 moisture content.

CHAPTER FIVE



        CONCLUSIONS AND RECOMMENDATIONS

5.1
Conclusions 


The following conclusion were drawn from the study.

(i) An existing gari fryer was modified and performed evaluated  

(ii) The highest frying efficiency was obtained at 75% with moisture content of 43.12%

(iii) The highest throughput capacity of 19.1kg/hr was recorded at moisture content of 43.12%.
(iv) Quality gari was obtained from the frying machine
5.2
Recommendations 


The following recommendations are hereby suggested for further studies.

i. The operating speed of machine  should be investigated

ii. Different varieties of cassava should be evaluated 

iii. Frying temperature should be varied to come out with the best result
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APPENDIX I
Calculation on Machine Frying Efficiency (me)
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