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ABSTRACT
This project presents the design, development and optimization of a sugarcane juice extraction
machine, aimed at improving the efficiency and convenience of extracting juice from sugarcane.
The demand for sugarcane juice has been increasing due to its numerous health benefits and
refreshing taste. The design process involved analyzing the existing extractors, identifying their
limitations, and proposing innovative solutions. The final design was fabricated and tested to
evaluate its performance. This machine is designed to be user-friendly, energy-efficient, and
suitable for both commercial and domestic use. Performance tests show a significant
improvement in juice yield and quality compared to traditional manual methods, demonstrating
the machine’s potential to enhance productivity in sugarcane processing industries. The machine
demonstrated an average extraction efficiency ranging from 59.8% to 74.9%, depending on the
quantity of sugarcane processed. The highest efficiency was recorded when 3 kg of sugarcane
was processed, showing that the machine can handle larger loads effectively. The throughput
capacity, ranging from 9.8 kg/h to 12.9 kg/h, demonstrates that the machine is capable of

consistent performance across different load sizes.



CHAPTER ONE
INTRODUCTION
Sugarcane (Saccharum spp.) is a special crop plant that underwent anthropogenic evolution from
a wild grass species to an important food, fodder, and energy crop. Unlike any other grass
species which were selected for their kernels, sugarcane was selected for its high-stem sucrose
accumulation. Flowering in sugarcane is not favoured since flowering diverts the stored sugar

resources for reproductive and developmental energy needs (Dineshet al. 2022).

Sugarcane is a well-known crop of the family Poaceae. India is the second largest producer of
sugarcane, after Brazil. Saccharum is derived from the Greek word ‘Sakcharon,” which means
sugar, especially sucrose. S. officinarum Linn, is a perennial grass, indigenous to tropical South
Asia and Southeast Asia. It has a thick longitudinal stalk, generally three to five meters in height,
approximately 5 cm in diameter, and is characterised by its sweet taste due to its high sucrose

content. It is also known as chewing and noble cane (Amandeep et al.2015)

Sugarcane (Saccharum spp.) is a robust and vigorous tropical plant, with superior growth over
most other crop species partially because of its high photosynthetic efficiency as a C4 grass.
Further, it contributes about 70% of the world's sugar production and holds great potential for
biomass and ethanol-based biofuel production. The global sugarcane production in 2018 crossed
1,907,024,730 tons (190.7 million metric tons/MMT) with Brazil and India being as top
producers (FAO 2020, 2021). Evolutionarily, the genus Saccharum has diverged from maize
around 15-20 million years ago (mya) and split from sorghum as recently as 6—9 mya (Paterson

et al. 2004).

Sugarcane belongs to a class of permanent grass of the group Saccharum belonging to the tribe
of Andropogoneae, mostly found in humid regions of Southern Asia and has been utilized for the
production of sugar. It accounts for about 62 % of the total world's sugar while only 38 % is

produced from beet (Naidu 1981). The mature sugarcane itself is composed of 69-75 % water, 8-
1



16 % sucrose, 0.2-3.0 % reducing sugar, 0.5- 1.0 % other organic matter, 0.2-0.6 % inorganic

compounds, 0.5-1.0 % nitrogenous bodies, 0.3-0.8 % ash and 10.0-16.0% fibre (Gbabo, 2002).

Sugarcane is a tropical, perennial grass categorized as large, long-term grasses and forms lateral
shoots at the base to produce multiple stems, typically 3 to 4 m (10 to 13 ft) high and about 5 cm
(2 in) in diameter. The stems grow into cane stalks which, when mature, constitute around 75%
of the entire plant. A mature stalk is typically composed of 11-16% fibre, 12—-16% soluble

sugars, 2—3% non-sugars, and 63—73% water.

The sugarcane crop grows well in tropical and subtropical regions. It will require a well-drained
soil of pH 7.5 - 8.5 and high organic matter, along with a hot and humid environment (Kohl et
al. 2009). As a result, Nigeria, which is located within the tropical zone, has enormous potential
for sugarcane cultivation. As of the year 2000, over sixty (60) potential sugarcane estate sites

were identified across the country (Busari, 1999).

Sugarcane has been used in various parts of the world for curing various diseases. In the
Ayurvedic system of medicine, sugarcane is used either as a single drug or in combination with
some other plant materials (Anis et al.1986) (Vedavthy et al.1991). Some natives and traditional
healers of the world have recommended sugarcane juice for its diuretic properties. It is thought
that regular use of sugarcane juice will keep the urinary flow clear and fast, which will further
help the kidneys to perform their function properly. It is also used as an aphrodisiac, laxative,
coolant, demulcent, antiseptic, and as a tonic. According to the Unani system of medicine,

sugarcane juice is considered good for patients with jaundice (Agbaje et al.2019).

Sugarcane juice is the liquid extracted from pressed sugarcane. It is consumed as a beverage in
many places. Sugarcane juice is well known as a raw material for producing refined sugar. Its
wax is considered a potential substitute for the expensive carnauba wax, which is of cosmetic
and pharmaceutical interest. Refined sugar is the primary product of sugarcane juice, but during

its processing, various other valuable products are also obtained in an unrefined form, such as
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brown sugar, molasses, and jaggery. Sugarcane juice is widely used in India in the treatment of

jaundice, hemorrhage, dysuria, anuria, and other urinary diseases (Amandeep et al. 2015).

Due to its richness of different minerals, it is useful to prevent cancer from occurring, for normal
kidney functioning, it acts as an energy booster, can keep the skin hydrated and prevents ageing,
helps to lose weight, and prevents tooth decay. Sugarcane also acts as a substitute for soft drinks

or aerated drinks for diabetic patients; it facilitates safer pregnancy and quicker conceptions.

The problems related to sugarcane production and processing in Nigeria include small-scale
farms and farm disintegration, land tenure system, inadequate transportation infrastructure and
lack of appropriate technologies for micro, small and medium-scale processing. Other problems
include poor storage facilities for harvested sugarcanes and extracted juice before further

processing into sugar (Olaniyan and Babatunde, 2012).

Extracting juice from sugarcane traditionally involves manual labor, which is time-consuming
and labor-intensive. To address these challenges, this study focuses on designing and fabricating

a sugarcane juice extractor that enhances the efficiency and convenience of juice extraction.

11 PROBLEM STATEMENT

The extracting of sugarcane juice through manual labor, which is time-consuming and extracted
juice before further processing to sugar has been the identified problem which brings about the
designing and fabrication of low-cost, portable, devoid of technical complexity and can easily be

operated and maintained.

1.2 AIM AND OBJECTIVES

The aim of this project is to design and fabricate a machine that is able to extract sugarcane juice

automatically with maximum juice extraction efficiency. The objectives of the project are to:

1. design and fabricate a sugarcane juice extraction machine.

2. evaluate the efficiency and performance of the extractor.



1.3 SIGNIFICANCE OF STUDY

The design and fabrication of a sugarcane juice extractor will benefit individuals, small-scale
farmers, and the general public as this can significantly increase juice yields and speed for small-
scale juice businesses or household use. This would facilitate access to sugarcane’s nutritional

benefits.

14  SCOPE OF WORK

e A detailed description of the proposed design of the sugarcane juice extractor.

e An analysis of the performance of the extractor, including estimates of the power
requirements and the rate of juice extraction.

e A description of the materials and fabrication processes that will be used to build the

extractor.



CHAPTER TWO
LITERATURE REVIEW

2.1 REVIEW OF RELATED LITERATURE

The development of sugarcane machines started hundreds of years ago in many countries. The
Trapiche is a traditional wooden roller used by people of Panama and Columbia to extract
sugarcane juice, the trapiche is a Spanish word for “sugarcane crusher”. It varies in size and is
made up of wood. It has two rollers that are vertically placed and held by a wooden frame (Uti et

al 2019).

Due to the favourable climate of Nigeria, the sugarcane plant grows well and one would have
expected Nigeria to be a huge exporter of sugar because of the high production of sugarcane
stalk but this is not so at present. Sugarcane is the main source of obtaining sugar, the extraction
of sugar from sugarcane is done through certain processes, which have undergone immense
improvement. However, the two processes commonly used which are the milling and the

diffusion processes (Kehinde et al 2015).

Crushing a sugar cane requires strong force due to its strong and hard characteristics. Juice
extractor machines were built mostly focused on the mechanical of the machine. The efficiency
of the machine depends on the mechanical system that has been designed for the machine.

Mechanical power is the most essential need in these identified areas (Olaoye, 2011).

(MAKINDE-OJO, 2010) perform research on the improvement of the sugar cane juice extractor
machine by constructing a casing for the operating chamber. This helps to shield off the
intrusion of rust in the extracted juice. Furthermore, the casing would improve the safety of the
operator. This is ensured by the covering of the moving parts such as the gears. Also, the
aesthetics and the hygiene of the machine are improved since the presence of contaminants such

as rust would be curbed. Besides, due to the adoption of the hopper section, the number of



sugarcane pieces and cutting that can be handled at the same time would be improved thus

saving time losses and the activity of the employed labor.

Olaoye (2011), developed a sugarcane juice extractor for small-scale industries. The design is a
simple mechanical device for the extraction of sugarcane juice. The output capacities of 10.50,
12.00 and 14.25 kg/hr. were obtained at operating speeds of 0.25, 0.3 and 0.36 m/s. The
extraction efficiency of the machine ranged between 40 and 61% at operating speeds of 0.25 and
0.36 m/s. He observed that this optimum performance of the machine cannot be sustained over
a long processing period due to the bluntness development of the perforated grating drum over

time.

Designed conveyed screw press conveyors that gently squeeze the fiber (sugarcane) in each
stage, improving extraction. The performance of a pilot-scale screw-press conveyor was tested
for dewatering capabilities and power consumption. The un-optimized equipment decreased

Megase moisture from 96 to 89% (Uti et al 2019).

(Olaniyan & Babatunde, 2012) designed a small-scale sugarcane juice extractor using a screw
pressing system mainly intended for the techno-economic status of the micro and small-scale
sugarcane farmers and juice processors. The machine is portable and it avoids technical
complexity to be easily maintained by small-scale farmers in rural communities. The juice yield
and extraction efficiency are improved to 2.5 % and 87.8 % respectively by improvement in the

design, analysis, and optimization of the worm shaft and press cage.

(Priva & Lakshmi, 2018) designed instant cooling sugarcane juice machine. In their design, they
mainly studied problems faced by the vendors during the extraction of sugarcane juice manually.
According to the study, vendors faced pain in their body parts viz., shoulders, wrists, arms, and
neck due to the improper height of the workstations on which they are working. So, they
increase the height of the workstation, providing a waste bin at the reachable height, providing a

flip to the machine so that the injuries can be avoided during the juice extraction. Also, the
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machine has an instant cooling and no need for a large space to establish this unit, easy to
operate, easy to clean, noiseless construction, has a body constructed from stainless steel, runs

on a 1H.V. motor and has an inbuilt compress.

(Ambare et al., 2019) design and fabricate a machine that can extract sugarcane juice
automatically with maximum juice extraction efficiency. From 1kg of sugarcane, approximately
300ml of juice can be extracted to get this amount of juice more pressure should be applied to
the cane but sometimes the motor will not supply sufficient torque so the cane is stuck in
between rollers and increase the chance of failure to the machine. So, to decrease the failure of
the machine and to reduce human involvement to prevent injury to the operator they have added

one more roller to the existing machine which will also help to extract maximum juice.



CHAPTER THREE
METHODOLOGY

3.1 CONSIDERATION FOR SELECTION OF MATERIALS

In any engineering project, it is necessary to properly select the appropriate materials to be used
in constructing the machine so as to eliminate fatigue failure possible in the material when it is
put into service. The sugar cane juice extractor machine consist of different parts assembled
together to perform the required juice extraction function. These parts have to be made of a
suitable material to perform the given application efficiently. The selection of proper material
for the machine component is one of the most important steps in the process of machine design.
The proper material for each part is selected by using different material selection method. There
are different factors which should be considered while selecting a material for the machine
component this includes availability, cost, mechanical properties, physical properties, and
fabrication consideration. Mechanical properties are the most important technical factor
governing the selection of material. Since the machine needs to give effective purpose with
minimum price. It is of vital importance to select the materials that will suit the following

requirements:

e Service requirements (functionality).

e Fabrication requirements.

e Economic requirements.
3.11 Service Requirements (Functionality)
A properly designed engineering equipments or machine must be operationally sound in
service. It must be of suitable strength to resist the possible load intended to be subjected to. In
addition to these basic requirements, certain other properties may also be required such as an

acceptable life at high temperature and an acceptable degree of Corrosion resistance. Others



include wear and vibration resistance. Appropriate materials to satisfy these requirements must
be selected for the sugarcane extractor’s construction.

3.12  Fabrication Requirements

There are many ways of fabricating metals. Some metals are manipulated easily in the solid
state to produce desired shapes, while some can only be produced to desired shape by casting.
When metals are forged or rolled a lot of damage is done to them. The method and the ease
with which material can be fabricated must therefore be considered in its selection.

3.13 Economic Requirements

In any manufacturing or production, economic consideration has to be taken into account. The
cost of raw materials and its manipulation (joining, finishing, machining etc) as well as labour,

all adds to the total cost of the machine. Hence, all these cost has to be analyzed properly.

3.2 MACHINE COMPONENTS

A sugar cane juice extractor is a machine that can extract juice by squeezing and grinding the
hard sugar cane pulp. The machine might be manually driven by human power or automatically
driven by an electrical motor. In recent years, the manual machine becomes obsolete and
replaced by the automatic one since it is not efficient and time-consuming. This electrical
machine is made up of different systems which collectively give its efficient function. Those

are: -



Crushing unit

the rest of the two.

PARTS LIST

S/N | PART/SUB-ASSEMBLY IQTY|  DESCRIPTION
1 [Frame 1 [Machine Frame
2 [Extraction Unit 1 |Extracting Unit Assy
3 |Hood Assy 1 [Extracting Unit Cover
4 [Sleve Tray Assy 1 [Juice Tray Assy
_S_—+I_Frame Cover A 1 [Frame Main Cover
| 6_|Frame Cover B 1 |Frame Top Cover
7_|Frame Cover C 1 |Frame Rear Cover
8 _|Mator 1 |AC Geared Motor
9 |v-Belt transmission | 1 |Belt and Pulleys
10 {Spur Gears 2 |Spur Gears (2 pairs)
11 |Bearing - FLOO4 4_|Bearing with housing |
12 |Beadm - A 7004 2 |Contact ball bearings
13 |Key 6 x 6 x 22 3 |Rectangular keys
14 [Key 6x4x20 1 |Rectangular key
15 [Bolt - M6 x 20 16 [Hex head bolts
16 Folt - M6 X 16 2
17 [Bolt - M4 x § 43 |Pan head bolts
18 [Nut - M6 18 [Hex nuts
19 [Washer - 6 28 |Plain washers

10

The main parts of the machine are used to crush the cane and squeeze the juice from the raw
cane. The crushing unit has3 rollers called the top, feeding, and discharge rollers. All three
rollers have the same structure and size. The three rollers have a knurling like structure on their
face to increase the surface roughness for easy gripping of sugarcane. Both the feeding and

discharge rollers always rotate in the same direction. However, the top roller rotates opposite to



3.22  Power source

The machine works automatically driven by an electric motor. An electric motor is a machine
that converts electrical energy into mechanical energy. It operates through the interaction
between the motor's magnetic field and electric current in a wire winding to generate force in
the form of torque applied on the motor's shaft.

3.23  Power transmission unit

The power transmission unit is used to transfer energy from where it’s generated to a place
where it is used to perform work (from the motor to the crushing unit). Rotational power is
produced by the motor transmitted through a series of chain drive, gears, shafts and keys to

perform its work. The power transmission unit comprises the following:

. A shaft is a mechanical power transmission unit having a circular cross-section
used to transmit the rotational power of the motor to the crushing unit and also it is used
to mount another power transmission unit such as gears, chain drive and keys.

o Gears are rotating circular machine part having cut teeth which mesh with
another gear or toothed part to transmit torque. They are considered a simple machine
because different size gears can produce a change in torque and speed through their gear
ratio.

J Chain drive is a type of mechanical power transmission system that uses chains
to transfer power from one place to another. A conventional chain drive consists of two
or more sprockets and the chain itself. The holes in the chain links fit over the sprocket
teeth. When the prime mover rotates, the chain wrapped on the shaft’s sprocket rotates
with it. This applies mechanical force onto the driven shaft; transmitting mechanical
power in the process. One of the main advantages over a belt drive is that a chain drive
maintains a constant speed ratio, thanks to its zero slip features. There is no lag in

power transfer and hence, it serves as a timing chain in applications such as internal

11



combustion engines. Having no slippage also ensures high mechanical efficiency. The
only losses in a chain drive are due to friction between the chain links and the sprocket.
o Keys are a piece of mild steel inserted between the shaft and hub or boss of the
pulley to connect these to prevent relative motion between them. It is always inserted
parallel to the axis of the shaft. Keys are used as temporary fastenings and are subjected
to considerable crushing and shearing stresses. A keyway is a slot or recess in a shaft
and hub of the pulley to accommodate a key.

3.24  Body

Body or frame is used to prevent the intrusion of dust material and to prevent the occurrence of

hand injuries. A wide variety of mechanical motions and actions may present hazards to the

worker. These can include the movement of rotating members, meshing gears, and any parts

that impact or shear. Additionally, it improves the aesthetics of the machine by balancing color,

movement, pattern, scale, shape, and visual weight.

33 SELECTION OF MATERIALS

Having considered the service requirements, fabrication requirements and economic
requirements above, the various components that made up the sugar cane extraction machine

are therefore analysed and selected subsequently.

3.31 Selection of Material for Rollers
The rollers are subjected to external load from the motor as well as force exerted by the cane

when it passes through the rollers during the juice extraction process. The rollers used in the
sugarcane extraction machine are required to have high degree of corrosion resistance due to
the high rate of moisture presence around them as a result of the direct contact with the
sugarcane juice during extraction process. They are also required to be of high wear resistance.
To resist this external force and to minimize wearing rate the material selected for this part

should have high strength, stiffness or rigidity, wear-resistance, and minimum cost. The

12



machinability also has to be excellent because there is different machining process done on the
roller like turning, facing, drilling, boring, and knurling to have a better ground to extract the
juice.

Two materials are identified of which one is to be selected for fabrication of the rollers. They
are mild steel and stainless steel. The properties of these materials were compared to determine

the most suitable and cost effective one among them. The comparison is contained in table

3.21.

Table 3.1 Property of Materials Used for the Design of Rollers

Material Property Materials Remarks
Mild Steel 316 Stainless Steel
Ultimate Tensile Strength (Mpa) 400-550 515-750
Hardness (Brinell) 20-180 HB 160-250 HB
Machinability 70% 45%
Thermal Conductivity (W/mk) 51.9 16.3
Corrosion Rate 0.5 to 1.0 mm/year in < 0.001 mm/year in
atmospheric condition and industrial or marine
0.02 to 0.08 mm/year in environment.
water
Corrosion Resistance Poor corrosion resistance Highly resistance to
especially in humid and corrosion due to its
corrosive environments. chromium and
molybdenum content.
Cost Cheaper Expensive

Table 3.2 shows that Stainless steel is the best material for the rollers in terms of ultimate tensile
strength (Mpa), hardness and corrosion resistance, while mild steel is the best based on
machinability and cost. However, the rollers based on the requirements are required to be of high
strength, wear resistance and corrosion resistance and stainless steel posses all these properties.
Additionally, corrosion resistance is the most important factor to consider here due to direct

contact the rollers have with the sugarcane juice because if the rollers corrode it will hamper

13




consumption safety of the juice. For that, Stainless steel meets this requirement, therefore

selected to be used as roller material.

3.32  Material selection for shafts

A shaft is a rotating machine element which is used to transmit motion and power from one

machine part to another. In our design, the shafts are used to transmit power and motion from

the motor to the roller through pulley, v-belts, and gears. The gears and pulleys are mounted on

the shaft they exert an external force on shafts. These shafts are subjected to shear stress,

bending stress, and torsional stress. Due to this factor material selected for the shafts should

have to be rigid, high strength, toughness, and wear-resistant. Steel are stiff materials and all

steels have the same rigidity. For our design, we have selected two materials which are high

carbon steel and alloy steel which are suitable for the fabrication of transmission shafts. The

material properties of selected materials are listed in the table 3.22.

Table 3.3 Properties of materials used for the design of the shaft

Material property Materials Remarks
High carbon steel Alloy steel (35%Ni,
(50%0C) 5%Cr2)
Ultimate Tensile Strength (Mpa) 690 765
Hardness (Brinell) 197 HN 225 HN
Machinability 55 65
Thermal Conductivity (W/mk) 49.8 42.6
Cost Cheaper Expensive

Table 3.2 shows that both the high carbon steel and alloy steel have all the desirable properties

and have made the minimum requirement for shaft material. However, high carbon steel is
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cheaper compared to the alloy steel, hence, selected as a suitable material for the design and
fabricate of the shaft.

3.33  Material selection for the cover

Covers are used mainly as a protection for the safe operation of the machine and give aesthetics
to the machine. The material selected for this part should have to be ductile which is measured
in terms of the percentage of elongation. This is since the sheet has to be folded easily, welded,
and strong enough to withstand this machining process. We have selected two ductile materials
and have a good machinability rate which is low carbon steel and alloy steel. Their material

properties are listed in table 3.4.

Table 3.4 Properties of material used for the design of the cover

Material properties Materials Remarks

Low Carbon Steel Alloy Steel (Low
(Mild Steel 7%C4) Alloy Steel) A572

Ultimate tensile strength (Mpa) 420 450

Elongation (in 50mm) 15 18

Machinability (100%) 65 66

Thermal Conductivity(W/mk) 45 42.6

Cost Cheaper Less cheaper

Table 3.23 shows that both the 2 materials are in close semblance in their properties. However,
Low Carbon Steel is cheaper and more readily available, therefore, considered and selected for
use as a material for the design and fabrication of the cover.

3.34 Material selection for bolt and frame

The frame is the load carrying member of the sugarcane extractor on which all other

components of the machine are assembled on. It is threaded to allow bolts be tightened in to
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them. The material for the frame must be of high strength to ensure durability and structural
integrity. On the other hand, the bolts are used on the machine to fasten and assemble parts of
the machine to the frame. It is tightened on the frame so the frame acts like a nut. Therefore, for
better tightening and gripping, same material will be used for both the bolts and the frame.
Three materials are selected for that and they are high carbon steel, free cutting steel, and alloy

steel. Their material properties are detailed in table 3.5.

Table 3.5 Properties of material used for the design of the frame

Material property Material Remarks
High carbon Free Cutting Steel Alloy Steel
Steel(60C4) 40C15S12 40%Cr4MO2
Ultimate Tensile Strength (Mpa) 750 640 700-850
Hardness (Brinell) 255 197 201-248
Machinability 55 65 64
Cost Less Expensive More Expensive | More Expensive

Table 3.5 shows that both the 3 materials have excellent properties listed in the table. However,
Cost and ultimate tensile strength are the most desirable factors and high carbon steel emerged
as the most suitable based on these 2 factors. Therefore, high carbon steel is considered and
selected as the most suitable material suitable material for the design and fabrication of bolt and
frame.

3.35 Selection for Power Transmission

Mechanical power transmission system retrieves mechanical power from prime movers and
subsequently delivers the same to the machine unit. It can also change the direction of rotation
and alter the rotational speed to better match the requirement. The transmission system includes
four drives (gear drive, belt drive, chain drive, and rope drive). Each drive has certain

advantages over others and is suitable for specific applications.
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These four mechanical drives can be classified in several ways. Based on the means of power

transmission, such drives can be classified as friction drive and engagement drive. In 