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Collect the mash in a clean bowl
and then pour the mash into a
clean polythene sack

Wash the sacks after use, dry and store them in a clean dry place
Wash them again before using the next time
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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 to the Study

Agricultural products are gaining popularity recently, especially in developing countries such as Nigeria, due to economic diversification. This is due to the unpredictable price of crude oil in the global market and overdependence on crude oil for national survival (Ikuemonisan et al., 2020; Oladebeye et al., 2018; Ajayi and Olukunle, 2010). The popular agricultural products generated in Nigeria include maize, palm oil, tomato, onion, pepper, cocoa, yam, cassava, etc. Cassava (Manihot esculenta) is the fourth most staple food globally, especially in Africa, after rice, wheat, and maize (Adekunle et al., 2018; Oti and Obi, 2018; Marcio, 2000). Nigeria is the world’s largest producer of cassava, and as of 2018, the country produces about 59.5 million tones per year (Ikuemonisan et al., 2020). The cassava crop all over the world is currently shifting from a mere subsistence crop grown in peasant fields to a viable crop grown in large plantations. Cassava production has increased due to its low-cost source of edible carbohydrate that can be processed into various delicacies for human and animal feeds. A well-planned strategy for developing and utilizing cassava products can incentivize farmers, crop vendors, and food processors to increase their incomes. It can also provide food security for households producing and consuming cassava and cassava products (Ikuemonisan et al., 2020).
Several local products have been derived from cassava: flour (gari), fufu, chips/pellets, and lafun. However, some industrial products like starch and alcohol have also been derived from cassava (Adekunle et al., 2018; Oti and Obi, 2018; Marcio, 2000) as major agricultural products. Cassava and its derivatives, such as Gari and starch, are found in the daily meals of West African people and other developing nationals. Gari has a slightly fermented flavor and a creamy-white flour appearance (Oladebeye et al., 2018). In the developing world, especially West Africa, there are several ways Gari can be prepared for a meal. It can be soaked in hot water to make a meal called “Eba,” which is taken along with soup, depending on an individual's choice. It can also be soaked in cold water for drinking (Oladebeye et al., 2018). 
The processing of cassava into its finished products takes several tedious steps. According to Ajayi and Olukunle, (2018), Oti and Obi, (2018), the processing techniques of cassava into gari involve peeling, washing, fermenting, dewatering, sifting, and simultaneous drying and cooking (Codexs, 2019; Olaniran and Adeleke, 2018; Adetunji et al., 2013; Adegun et al., 2011; Ajao and Adegun, 2009; Odigboh and Ahmed, 1984). Several mechanized machines have been developed to enhance gari's production process and minimize the stress and energy wastage in the production of the consumable. The most critical unit operation that determines the quality of the final product in gari production is the frying operation (garification). Garification involves repetitively pressing, scrapping, and stirring sifted cassava mash over a hot plate at 120 to 200 ºC (Oladebeye et al., 2018). Heat transfer from the hot plate results in the toasting of the gari particles, while starch pressed out from the granules coats the gari particles and is partially gelatinized to form an enveloping tin film. In garification, machines have been designed but have not entirely given satisfactory performance and efficiency. In a survey carried out by Davies et al., (2008), more than 40% of machines in the small-scale gari processing industries have been abandoned due to high operational and maintenance costs, the inexperience of the users, and scarcity of spare parts. As a result of aforementioned short-coming, there is need to modify and evaluate and existing gari frying machine to solve the stated problems.
1.2
Problem Statement of Study 

Due to the complex design, the earlier designed and fabricated machines are associated with high operational and maintenance costs. The scarcity of machine parts had led to an unnecessary breakdown of garification machines. Therefore, this study aimed to modify a garification machine and objectively improve and eliminate the challenges associated with previously developed machines. The study ensured simple design, efficiency, easy maintenance, and lesser upkeep costs which will be affordable by the small scale farmers that engage in gari processing.
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 in order to obtain quality gari that meet the demand of end users.
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 frying machine will go along in producing quality gari with a short time compare with the traditional method of frying gari. This machine will equally reduced the hazerd faced by rural women during frying using heat method. The frying machine will encourage the local farmers that engage in cassava production. This will equally provide job opportunity for the rural farmers that involved in gari production.
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



     
     LITERATURE REVIEW

2.1
Processing Techniques of Cassava Root into Gari
The objectives of processing of cassava roots into gari are to reduce postharvest losses of the fresh roots, eliminate or the cyanide content, improve the flavour of cassava products, provide resources for small-scale cassava based urban and rural areas. Processing bridges the demand and supply gab that exist between in the seasonal production of the crop. 
Cassava roots have a shelf life that is generally accepted to be of the order of 24 to 48 hrs after harvest (Andrew, 2002). Therefore, shortly after harvest as the matter of fact, cassava roots are being processed into durable forms to storage of the products, facilitate transportation and marketing, reduce cyanide content and improve palatability. Statistics available also shows that the nutritional status of cassava can also be improved through fortification with other protein-rich crops. According to Onyenwoke and Simonyan (2014), processing cassava can affect the nutritional value of cassava roots through modification and losses. He further argued that although raw cassava root contains significant vitamin C, yet, it is very sensitive to heat and easily leaches into water. Thus, it can be concluded that almost all the processing techniques of cassava roots which have the ability to affect its nutrient content. Fresh cassava roots cannot be stored for long because they deteriorate within 48hrs of harvest. They are bulky with about 70% moisture content (Onyenwoke and Simonyan, 2014). The processing techniques include peeling, boiling, steaming, slicing, grating, soaking, grinding, fermenting, pounding, roasting pressing, drying, and milling
2.2
The Procedure for Gari Production 


Processing cassava roots into gari takes several steps, which include the following.

2.2.1
Peeling and washing cassava roots
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Freshly harvested cassava root (Plate 2.1a and b) are coverall with soil and dirt and some may be damaged or rotten. Only health roots (without rot or other damage) should be transported to the factory. At the factory, the roots are peeled to remove the outer brown skin and inner thick cream layer and washed to remove stains  and dirt. The water source should be checked regularly to ensue it is not dirty or contaminated (James et.al., 2012).
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processor
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providing the heat for roasting the gari
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the batch with a wooden spatula. The gari is ready
when it turns into dry, creamy granules.
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Plate 2.1a and 2.1.b shows peeling and washing operation

2.2.2
Grating cassava roots into mash


Cassava roots (plate 2.2) are traditionally grated into a mash pulp as part of the process to remove cyanide and make the root safe to eat. Traditional cassava graters are usually made from perforated metal sheets. These rust quickly and are difficult to keep clean. They are also very slow and labour intensive to use.

Mechanized grates are needed to produce a sufficient quantity of cassava mash to meet market demands and standards. Small holder processors therefore need to learn how to use and maintain these machines (Okechukwu et.al., 2012).
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Plate 2.2. Cassava Grate
2.2.3
De-watering and fermenting mash wet cake


De-watering and fermenting (plate 2.3) complete the process of removing cyanide from the cassava mash. This is done traditionally by using stones or logs as weights to press excess water out of the bag of cassava mash. The bags are then left to drain and ferment for a few days. As with traditional graters, these methods are slow and unhygienic and are therefore not suitable for a cassava processing business several improved method are available (Abass et.al., 2012).
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Plate 2.3  De-watering and Fermenting Mash Wet Cake
2.2.4
Sieving wet cake grits and Roasting Grits into Gari 

Gari is made by sieving the wet cake into small pieces known as grits and then roasting or frying the grits (plate 2.4a and b) in a hot frying tray. Gari normally white or cream, but will be yellow when made from yellow cassava roots or when sieved with palm oil. It is important to make sure the taste and smell is acceptable to local consumers yellow cassava root and palm oil are rich in vitamin A and therefore make nutritious gari.


The product should be free from mould, insect (dead or alive) dirt and any other material that could be hazardous to health. Gari is usually classified by its particle size (Sanni et.al., 2012).
i. Extra-fine: passes through 0.25mm to 0.5mm aperture sieve.

ii. Fine: passes through 1mm to 1.25mm aperture sieve

iii. Extra course: passes through 1.25mm to 2.0mm aperture sieve.
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Plate 2.4a and 2.4b Sewing wet cake grits and Roasting Grits into Gari
2.2.5
Bagging and Storing the Gari

Remove the gari (plate 2.5) from the roasting tray and spread it thinly on a raised platform in the open air to cool and dry. Several batches can be put on the cooling tray. Sieve the gari with standard size sieve to produce fine granules, which are collected in a plastic bowl. Large granules should be broken into smaller granules (Maziya – Dixon et.al., 2012)
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When the gari granules are all
the same size, pour the gari into
a plastic lining inside a woven
polythene sack

Weigh the sack of gari to make
sure it is the correct weight, as
required by the market: e.g.,
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sack manually or with a bag sealer
(if available) to keep the gari

clean and fresh during storage.




Plate 2.5: Bagging and Storing the Gari
2.3
Challenges Facing gari production 


According to the statistics, the major problem fresh cassava root have is a very little post-harvest storage life, soon after harvest. The most critical unit of operation while processing cassava into gari is the frying which occurs as a result of the simultaneous cooking and dehydrating the moisture content present by the application of heat (Akinnuli et.al., 2015). Traditionally, gari is fried by women is shallow earth ware of cast –iron pans (Agbada) over a wood fore. The operator sit sideways by the fire place while frying, and this brings discomfort and various health disorders owing to heat of frying equipment and the operator’s sitting arrangement. Thus, this necessitated the need for advancement and upgrading to solve these issues usually experienced by the operators. Then, Odigbo model from university of Nigeria, Nsukka was designed to stanchly stimulate the traditional manual frying operation and few years after, Igbeka from University of Ibadan improved the gari fryer which was made of a fire place oven with a chimney and a frying pan (Gbasouzor and Maduabum, 2012).

Further improvement continued as the researcher were only able to solve manually oriented problem; Brazilian Model, Newell Dunford Model and Niji Lukas model ranging from charcoal, wood, gas to diesel burner firing fryer respectively have assisted the frying operation significantly. Although the diesel burner fryer by Niji Lukas which is one of the best among the present frying available technologies within the country. Following our review:
i. High cost of purchasing a diesel burner which is a factor contributing to high cost of the fryer,

ii. Frequent breakdown of the burner during any slight power surge

iii. Regular replacement of key components parts of the burner like transformer, electronic module, fuel pump solenoid e.t.c.

iv. Regular maintenance and serving cost of the burner

v. Increase in operational down time (i.e often loss of production time)

vi. High cost of diesel fuel in the market

vii. Quantity fried per batch is small hence low production efficiency

viii. It takes longer time to fry the production to dyness

2.4
Improved and mechanized method of gari production 


In the recent years, several researches have been carried out to improve some aspects of the operation in gari production, which include peeling and washing of the roots, grating, de-watering, fermentation, sieving, frying and cooling (Akinnuli et al., 2015). The most significant process in gari production that determines the quality of the final product is the frying or roasting operation. It has been quite difficult to mechanize this operation correctly and rightly because the operation was probably not well understood by many designers and manufacturers or the technological know-how was never invoke.

Several studies have demonstrated mechanized processing for production of gari. Ajayi et al., (2014) developed and evaluation the performance of a mechanized gari fryer. The machine showed an optimum speed of 20 rpm and intial mash moisture  content of 41.2% and gari of 12.6% final moisture content was obtained at the 21st min of frying using 5kg charcoal as source of heat energy. The gari had a good texture and was fit for consumption but the system was never effective for commercial business in terms of capacity and heat source.

In this review several fryer were examined and investigated in south West, South East and South-South of Nigeria, following the historic design of gari frying equipment/machines stated with these researchers: UNIBADAN fryer, IITA fryers, RAIDS fryer, Newal Dunford, Brazilliar, fabric, UNN models and Niji Lukas (Ajewole and Adeosun, 2018). It was found that these mechanized system ranges from the use of charcoal, fire wood, diesel to gas burner as the heat source have one deficit or other.

2.5
Review of Previous Developments in Gari Frying Machines


During gari frying operations, the moisture content reduces and most of the small lumps developed are broken down by constant pressing and agitation, the heat is then increased in order to further cook and dehydrate the product. This product is still hot a little damp at the end of the frying operation. It is then left to cool and dry in a cool dry shade until the moisture content is reduced to 12%.


Traditionally gari is fried by women in shallow court-henware cast-iron pans (Agbada, Nigerian Ibo) over a wood fire women use spatula-like paddles of wood or calabash section to press the sieved mash against the hot surface of the frying pan and turn it vigorously to avoid cooking. The operation sits sideways by the fire place while frying. The discomfort due to heat and the sitting posture of the operator have been of concern to researchers.

i. The University of Ibadan (UNIBADAN) improved gari fryer Igbeka, (2012) is, made of a free place oven with a chimney and a frying pan. The frying pan which is 200cm x 60cm x 10cm is designed to have trapezoidal shape with it side inclined at 600 to the horizontal. The inclination side allow for gradual gravitational flow of gari down the sides of the fryer. It is made from a 4mm thick black steel sheet, which is not easily corroded and does not turn black after heating Igbeka, (2012). The frying pan has an opening or chute on one side for discharging the finished product into a receiving pan. The frying pan sits on a rectangular fire place built of the breath or width from where firewood is fed into the oven while the other width carries the chimney. There are two small ventilation openings on one side of the length. The wall thickness of the fireplace is 22.5cm and the effective volume of the heating chamber of the fireplace is 0.7cm3. It can use up to 20kg of wood as source of beat. The structure is housed under a shed made of corrugated iron sheets Igbeka, (2012).

The fryer is operated by two people sitting on both ends of the fireplace without ventilation. Details of the construction can be obtained in Egba (1987).
Field tests amongst gari producers showed that the improved models had the following advantages over the village fryer.
i. The nuisance of smoke was totally eliminated

ii. Sweating by the operator was drastically reduced as a result of the improved fireplace.
iii. The capacity and rate of frying were increased (e.g 5kg dewatered and sieved mash took 20min to fry as opposed to 1hr).

iv. Improved working environmental

ii. Mechanized Method 

There are few mechanized gari processing plant in the Nigerian market which have found to be performing well as regards the quality of gari. As result, some new designs and improvements have been made by Nigerian engineers and manufactures to solve the problems associated with the models already in the market.

iii. Newell Dunford Model

This was the first equipment designed jointly by the Newell Dunford company in London and the Federal Institute of Industrial Research (FIIRO), Oshodi in Nigeria. It is a gari producing plant of which the fryer is just one of the components.


In the frying section, heat from a gas fire is controlled and regulated by thermostats at various points in the process. The fryer structure is a  circular stainless steel, heated from outside with the fryers curve linearly lined internally. The fryer containing the sieved dewatered cassava mash is rotated in such a manner that the mash granules agitate against the sides of the fryer and move along the paths of the line curves. The result of this type of heat treatment is roasting. The product obtained with this model was not very much acceptable to the consumer is because it did not have the basic characteristics of gari.
iv. Brazilian Model

The Brazilian model fryer consists of a semi-circular steel plate and operates on a batch process drying. A top the plate is a large ring gear mashed to in inner annulus which is connected to a vertical shaft with large steel paddles. A specific batch of sieved cassava mash is dropped into the circular plate and the eccentric paddles shift the mass circularly to produce a dry product. An automatic gate is opened at the side of the plate and the dried product falls into a funnel by gravity.

This model, designed and manufactured in Brazil, seems to be better than the Newell Dunford model and the product obtained from it is similar to gari in Nigeria, even through it is not exactly the same. In this model, frying was not evenly spread within a given batch and the product looked more like dried cassava mash than cooled and fried gari.
v. Fabrico Model

The fabrico model is a simple continuous process plant and consists of a semi-circular steel plate with rotating paddles. The paddles are eccentrically located in such a manner that their motion compels the frying gari granules to move from one end of the plate to the other. Drying occur during this period. Heat is supplied by either wood and manufactured by a company, FABRICO, in Nigeria, produce an end-product that is closer to gari. The product was not cooked but looked more like roasted gari:

The product was not cooked but looked more like roasted gari.  This model has been improved upon by the university of Nigeria. Nsukka, and University of Ibadan.
vi. The UNN Model


The UNN (University of Nigeria, Nsukka) Model was designed by Odigboh and Ahmed (1982) to faithfully simulate the village manual frying operations (Odigboh, 1985). 

The equipment has a semi-circular 1.7m long frying trough of 57cm diameter mounted at an inclination variable from 0 to 200C to the horizontal. Sixteen spring –loaded paddles are attached to 1.75m long shaft also mounted axially in  such a way as to locate the paddles inside and in permanent contact with the trough. The paddles overlap and are angled relative to the axis of the trough to act as a sort of conveyor. They are driven by an electric motor through several speed reducers and linkage arrangements. As the gang of paddles oscillate through 1800 at 40 reversals per minute sieved cassava mash is automatically metered into the trough, once in a cycle of the to and fro motion. Swinging to one direction, the paddles press the mash against the hot surface of the trough while in the opposite direction, they scrape, stir and move it slightly forward to the exit end of the trough.

By appropriate adjustment of the trough inclination, the quantity of mash metered and the heating rate, the fryer operates automatically to produce continuous flow of well fried gari at 15% moisture content. An average through-put of 66kg of gari per hour has been reported for this equipment.

vii. The UNIBADAN Model


The UNIBADAN model was designed and manufactured in the university of Ibadan (Igbeka and Akinbolade, 1986). It is a continuous flow fryer which is an improvement and modification of the UNM model, hence a modified version of the fabric model. The basic difference are in the feeding devoice the heat source and the arrangement of the paddles. The UNIBADAN model is made up of a fryer plate, feeding hopper, power transmission devices, shaft with paddles, pulverizers and an oven on which the fryer sits.


The fryer plate, like in the UNN model, is a semi-circular trough open at the top and both ends. It is inclined at an angle of between 5 and 180 with a length of 2.44m and diameter 0.67m. The hopper contains a metering device which is one of the basic innovations in the design and the rate of metering is very crucial to the quality of the final product. Another innovation in this model is in the paddles instead of just paddles, as in the UNN model, the central shaft has 28 paddles and pulverizes arranged in such a way that they have a conveyor effect at the same time as they press scoop and agitate. The pulverizes press the sieved cassava mash against the hot pan surface while the paddles scoop and agitate it.


The oven is built with red oven dry books and has air vents at specific point and uses wood or coal as fuel. The vent openings an be reduced or increased according to the heat requirements. Power supply to the fryer could be either a petrol engine or fire wood. Field tests using this model showed that the final product was acceptable to the public. At 15 rpm, the capacity was 80kg/hr of finished product.   
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.
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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= 
[image: image5.wmf].

/

000

,

60

s

m

W

D

n

W

p

 





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 = 
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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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3.11
Where DG = Diameter of worm gear = MTG


3.12
WtG =  
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3.13
Where m = module of the worm thread = 3 
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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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3.14
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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= 263.58mm.

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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3.23

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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Calculations on Throughput Capacity (cp) 
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