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ABSTRACT
This research work was carried out to design, fabricate and test the performance of a manual
and motorized ginger size reduction machine in order for the ginger to be dried easily for
storage. This concept also aimed at reducing the processing cost, drudgery and time involved
in dryving ginger. The machine was designed to have a capacity of 900kg per day. The
machine consists of hopper. cutting unit, press. cutting blade, frame, an electric motor,
manually operated pulley and crank arm. The machine was designed and fabricated using
locally sourced material of stainless steel for all part that made contact with the ginger. Three

ginger cutting orifices size blades of 25 x 2.5em. 2.0 x 2.0cm and 1.5 x 1.5cm were used in
the design so as to enable testing to be carried out to ascertain the orifice size that achieved
efficient drying. The machine was tested for its efficiency and capacity using varying speeds
and blade sizes. Results show an increase in the cutting efficiency with increase in speed and
blade size as the highest cutting efficiency of 93.3% was obtained at a speed of 80rpm and
blade size of 2.5cm. Also machine capacity increases with increase in the speed of the
machine and increase in blade size as the highest machine capacity of 28kg h was recorded at
a speed of 80rpm and a blade size of 2.5cm. The percentage uncut increased with decrease in
speed and blade size as the highest percentage uncut of 28.3% was obtained at a speed of
40rpm and a blades size of 1.5cm. Conclusively the set aim and objectives of this project
work were duly achieved and the equipment can be easily dismantled for ecase of

transportation and maintenance and reassembled when needed.

Keywords : Design, fabricate, size reduction, ginger

i.  INTRODUCTION

Ginger (Zingiber officinale) is a flowering herbaceous perennial crop, grown as an annual

crop for its spicy underground rhizomes, ginger root or simply ginger It is scientifically
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; a (Ravindran and Nirmal, 2005).1t is a
perennial reed-like plant with

annual lealy stems, about a meter (3 to 4 feet) tall. The young
}""!&.L‘i'!hllnmcg sl Haim o )
are juicy and fleshy with a mild taste. Traditionally, the rhizome is gathered

when the stalk withere- it ic ; oy
e stalk withers: it ig immediately scalded, or washed and scraped, to kil it and prevent

sprouting. Raw ginger is composed of79% water, 18% carbohydrates, 2% protein, and 1% fat.
In 100wgrams. it supplies Calories and contains moderate amounts of vitamin B6, dictary
minerals, magnesium and manganese, but otherwise is low in nutrient content.

\veragely it takes about nine months from ginger planting to mature, 1 fresh ginger is
required, it is harvested six months after planting. If mature ginger is required, it is harvested
hine months after planting. The rhizomes can also be left in the ground for two years for
propagation. Ginger harvesting starts from October until May, manually by hand or with
machines. It is usually available in three different forms; fresh (green)ginger, preserved ginger
in brine or syrup and dried ginger spice

Ginger is valued for its essential oils, mainly oleoresin and ginger ol, used in pharmaceutical,
bakery and soft drink beverage industries as well as culinary and cosmetic preparation. The
percentage composition of volatile oil and non volatile extract of ginger from Nigeria was
given as 2.5% and 6.5% respectively (Akhila and Tewari,1984; Ravindran and Nirmal, 2005)
which accounts for the high demand for Nigerian ginger in international market

Nigeria is one of the largest producers and exporters of ginger in the world, especially the
split-dried ginger. Nigeria produced 156,000wMT of ginger in 2012, accounting for 7% in the
world and ranking 4th globally. Ginger cultivation in Nigeria started in 1927 in the then
southern Zaria (now Southern Kaduna) Plateau Gombe, Benue, Nassarawa, etc. Ginger
farmed in Nigeria especially the type farmed in Kaduna, is the best and in demand throughout
the world. In Nigeria, ginger is found in almost all the local markets across the country.
Ginger is used as flavoring for recipes such as ginger bread, ginger biscuits, sweets, and
ginger tea, ginger ale and ginger beer. It is used as a spice in much local cuisine, and also acts
a constituent of herbal medicines. Ginger is an important export product which plays a major
role in the total contribution of the agricultural sector to Nigeria economy. Freshly harvested
ginger cannot last for a long period of time in its freshly harvested state, therefore there is
need for further processing of the harvested ginger before it can be exported, the bulk of
Nigerian ginger is marketed internationally in split-dried form, where the importing countries
further process it into industrial products mainly ginger powder, essential oils, oleoresin and

ginger ale concentrates. The amount of foreign exchange earned by exporting dry pinger i«
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. (Yiljep et al., 2005).
Bt o M
sk r‘fm ginger is mostly cultivated by peasant farmers and processed by them as whole dry
T & L e
or split dry ginger. Splitting facilitates the drying process. Farmers traditionally use manual
method of splitting ginger using a knife, which is slow and labour-intensive, not suitable for
large-scale production. Splitting machine is scarce and cutting machine is not attractive
Size reduction of ginger is an important unit operation in the dry ginger processing because it
reduces the time consumption for drying and energy requirement. Cutting and dicing are the
two main pulverizing types which has been practiced for ginger rhizomes. If the ginger is cut,
only $ to 6 hours are needed to dry in a cross-flow drier, compared to 16 to 18 hours for
drying seraped whole ginger using the same equipment and conditions. Most of the time dried
cut ginger is produced for the export market because there is a big demand in the international
market for such value added products. Mechanization of cutting procedure is important due to
the problems of labor shortage in the industry. Although various types of vegetable slicers are
available in the market, due to some drawbacks, those machines cannot be introduced for the
ginger cutting(Jayashree&\/isvanathanZOl 1). While considering the morphological
characteristics of a ringer rhizomes, long and strong fibers can be found in the flesh which can
withstand the cutting forces. Some machines have also been made to solve this problem of
ginger cutting an example of which is turmeric slicer for ginger cutting. The turmeric slicer
developed by All India Coordinated Research Project on Post-Harvest Engineering and
Technology was tested for cutting of ginger. The machine/process parameters were optimized
for better cutting efficiency. But these machines are not available to local farmers. They
commonly make use of normal kitchen knives which cause injuries due to the hazardous
cutting equipment and practices. Also the productivity and the efficiency of the cutting
procedure is not at its optimum level. The quality of final products also not uniform due 10
this manual cutting practices. Mechanical cutting of ginger can solve the problems associated
with the manual labour and transform into commercial production. This study is undertaken t©
design and develop a cost effective and efficient mechanical solution 1o slice the fresh ginger

with high quality output.

L3




L

METHODS

t4

1 Machine Description

Hopper

Fhis is where the ginger is feed into it is has the shape of a cone frustum.. It is designed in a
\ at 1t ¢ o e 548 ~ " " ¥ . - ada
vay that it allows ¢asy feeding of the material into the cutting chamber. The hopper was made

of stainless steel because of its high strength, high resistance to corrosion and casy
machinability.,

.

il. Cutting blade

Ginger in the base drum is being pushed forward against the cutting blade which slices the
gingers as it is being pushed out. The cutting blades are made of straight knife crossed over
each other to from smaller square unit and mounted on a hollow cylindrical frame. The blades
and the blade frame were made of stainless steel due to its strength, resistance to corrosion
and easy machinability

1ii. Base drum (cutting unit)

This is where ginger from the hopper is fed the ginger is collected here before the press
presses it against the cutting blade. The base drum is a hollow cylindrical structure made of
stainless steel due to its ability to resist corrosion, ease of machining, and local availability,

iv. Press

This pushes the ginger collected in the base drum towards the cutting blade and eventually out
of the machine the press consists of a cylindrical plate attached to a shaft. The press was made
of stainless steel due to its high strength, corrosion resistance and machinability.

v, Crank arm

This is made of shaft bent at 90° to form a cam. It converts the circular motion of the pulley
to reciprocating motion delivered to the press to enable it push the material in the base

frame
a shaft made of mild steel was used because it can withstand the bending and shearing

force,
it is easily machined and it is relatively cheap

vi. Frame

This supports the whole machine and provides rigidity to the machine was made of mild steel
due to its high load bearing capacity and it is cheap.

vit. Belt and pulley system

This is the machine part that transmits torque from the electric motor to the crank arm by

means of belt attached to both the electric motor pulley and the shafl pulley
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Fig. 1: Isometric view Fig. 2: Exploded view

3.2 Working mode of the machine LEGEND

Ginger is fed into the machine through the hopper | Key Name of parts

and slides down into the cutting unit where the press | 1 Main frame Kis
being move by the rotation of the electric motor 2 Cutting unit (Base drum)
through the crank arm pushes the ginger out of the |3 Hopper

machine through the cutting blades to where it is | 4 Cutting Blade

being collected. 5 Press

2.3 Design of the major parts of machine 6 Extension Arm

The following are the parameters and assumed | 7 Crank Arm

parameters used for the design of the major parts of 8| Pulley Arrangement Support
the machine. These parameters and assumed values Frame

made the design calculations possible as well as the [g Bearing

fabrication. The implement Was designed mainly for [1q Pulley

ginger size reduction machine.

i, Determination of the volume of the hopper

The volume of the hopper was caleulated in order to determine the weight of the hopper.

vy = (bl =78)) = (ka3 =) m

Where, Vp, is volume of the hopper (m), hyis the height of bigger cone (m), hy is the height of

«maller cone (m), rq is the outer radius of bigger cone (m), I'z is the inner radius of bigger

cone. T4 is the outer radius of smaller cone (m), Ty is the inner radius of smaller cone (m).
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- Rination of weight of the

% hopper
weight of the ho
. 'PPer was calculated 10 know the total weight of the machine it is given
¥
W=pxvx g )
(2
Where W is the weight

of the hopper (N), P is the density of mild steel (Kg/m'), V 15 volume
* the hopper (m'), g is the accel,

eration due to gravity.

i Determination of machine capacity

¢ machine capacity was obtained as follows
M, =Mxw

(3)
Where M the machine capacity (kg'h), M is is the mass of ginger expelled (kg), w is the
angular speed (rpm)

iv. Determination of force required to reduce the size of ginger.
This is done to know the force required to reduce the size of ginger to be able to determine the

power required to reduce the size of ginger. It was obtained using the equation reported by
Khurmi and Gupta (2005)

F=fxN (4)
~:§ (5)

Where F is total force required to cut the whole ginger (N), f is force required to cut 1 ginge

(™). N is the total number of cut ginger, M is the total mass of ginger (kg). m is unit mass of
ginger (kg).

v. Determination of required power to reduce the size of ginger
The power required to reduce the size of ginger was calculated 1o be able to determine the

power requirement of the electric motor that can be used to drive the machine. The power
required to reduce the size of ginger can be determined using the formula reported by K

and Gupta (2005)

T

1mny

'ﬂ -;-:— ‘(')

UR|



Where Where. p

18 the power require
N

i | d by the machine (watt), T is the torque generated (Nm),
¢ speed (rpm), i constant

‘ » » 1 M
L. Determination of volume of the press

'he volume of the press was ¢

‘ alculated and used to determine the weight of the press and is
given as

V[, = Ttrlzhl + Ttrzzhz (7)
Where i v - 3 ’ ; e
Vhere V is volume of press (m7), ry is radius of the shaft (m), r; is radius of cylindrical

steel plate (m), hy is length of the shaft (m), h, is thickness of cylindrical steel plate (m).

Vil. Determination of weight of the press

The weight of the press was determined to be able to determine the total power required to
carry the press. The weight of the press can be calculated using the formula

W=pxVxg ®)

Where W is the weight of the press (N), p is the density of stainless steel material (Kg/m3), \%

is volume of the press (m”), g is the acceleration due to gravity.

viii. Determination of linear velocity of the press
The linear velocity of the press was calculated to know the power required to drive the shaft.

It was determined as reported by reported by Khurmi and Gupta (2005), and is give as

2nrw

s 60 ®)

Where V is linear velocity, r is radius of the pulley and @ is angular velocity in rpm

ix. Determination of power required to drive the shaft

The power required to drive the shaft was calculated to know the overall power requirement
of the electric motor required to power the machine. It was determined as reported by reported
by Khurmi and Gupta (2005), and is give as

P=FVY : (10)

Where P is the power, F is force (weight) and V is the linear velocity.

x. Determination of Gear Output Speed
This is done in order to know the speed reduction by the gear system. It was determined as

reported by reported by Khurmi and Gupta (2005), and is give as
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diameter of driving (motor) pulley and Ds s the diameter of deiven (machine) pulley

xii. Determination of center distance

Fhe center distance is the distance between the center of the driving and the driven pulley. It
was calculated to know the minimum distance between the electric motor and the machine
pulley. The center distance (x) is given as reported by Khurmi and Gupta (2009), and is piven
as

X =Ly p, (13)

2
Where Dy is diameter of driving (motor) pulley, Dy is the diameter of driven (ma hine)

pulley

xiii. Determination of length of belt

I'he length of the belt was calculated to be able to select the appropriate belt for the machin

to function efficiently. The length of the belt can be obtained as reported by Khurmit and ¢ Hipta

(2005), and is given as

Dy-D,

Length of belt (1) ;I(I)] +Dj3) + 2x 4+ —
2 - 4

Where Dy is diameter of driving (motor) pulley, Dy s the dimmeter of driven (machine:

pulley, X = center distance between pulleys
vive Determination of belt velocity
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W Vs b the veloiins o _
» 5 the velocity of the belt, Dy is diameter of driving (motor) pulley, Ny is speed of

driving (gear) pulley,

XV, Dete inati
trmination of the angle of contact between the belt and pulley
ll » anole I & — . .
¢ angle of wrap is the angle of contact between the belt and the pulley.The angle of wrap of

the belt is given as reported by Khurmi and Gupta (2005), and is given as

Angle of wrap (9) = 0.9 B
P (0) = (180" - 20c) x = (16)
Where o = gin! 211 (17)
X

Where r4is radius of driving (motor) pulley, 7, is radius of driven (machine) pulley, X is

center distance between pulleys.

xvi. Determination of belt tension
The tension developed in the belt was evaluated in order to know the power transmitted by the

electric motor. It was determined as follows as reported by Khurmi and Gupta (2005), and is
given as
T
K:2.3]ogT—‘: pux 0 X cosecf (18)
2
Where,Tqis tension in the tight side of the belt in N, T, is the tension in the slack side of the
belt in N, f is average groove angle of the shaft pulley, 0 is angle of constant or lap between

the two pulleys, p is coefficient of friction between the belt and the pulleys

xvii. Determination of torque generated in pulley

The torque generated in the pulley was determined as reported by Khurmi and Gupta (2009),

and is given as

1= (T, - T)r (19)
Where T is the torque generated (Nm), T is the tight side tension, T, is slack side tension. 1 is

radius of pulley

wiii. Determination of power transmitted by the helt
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This 1s B |
done in order 1o know the amount of energy

was determined as re

P:(Tl‘Tz)XV

transmitted. Power transmitted by the belt
and Gupta (2005), and is given as
(20)

ported by Khurmi

Where, P is power transm; ‘
ere, P is power transmitteq by the belt, T, is the tight side tension, T is slack side tension
mN, V= velocity of the belt in m/s.

Xivx. Determination of shaft diameter

This was evaluated to know the shaft that is appropriate for the design this was calculated

using the equation reported by Khurmi and Gupta (2005), and is given as

4 16XT

e e @1)
_ Px60
27N, (2a)

Where, T is the torque in N.mm, P is the power transmitted to the shaft in Watts, N, is speed

of shaft in rpm, 1 is shear stress of the shaft in N/mm?, d is the shaft diameter in mm

xX. Critical speed of the shaft

Critical speed is the speed at which the unbalanced mass of the rotating object causes
deflection that will create resonant vibration. The critical speed was calculated to avoid issued
such as noise and vibration. For machine efficiency the critical speed of the shaft is to be

determined. It was determined as reported by reported by Khurmi and Gupta (2005),
give as

and is

48¢l
wg = [ (23)
where wygis the critical speed of the shaft, ¢ is the modulus of elasticity of ste

el, M is the mass
of the shaft, L is ength of the shatft.

xxi. Torsional deflection of the shaft
To know the angle of deviation of the shaft in degrees and to make sure this anvle of

deviation is at its minimum. It was determined as reported by reported by

Khurmi and Gupta
(2005), and is give as

[hus,

DG (24)
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3 RESULTS AND DISCUSSION

The result ssting :
of testing of the machine using 2 kg of ginger at various speed of 40, 60 and 80

M 1S presented in Table |, The cutting efficiency ranges from 71.67 to 93.33 %. The highest
value 93.33 % was obtained from interaction between blade size of 2.5 cm and speed 40 rpm.
The least value of cutting efficiency of 71.67 % was obtained from interaction between blade
size of 1.5 ¢cm and speed 40 rpm. The machine capacity ranges from 8.93 kg/h to 28 kgh. The
highest value 28 kg/h was obtained from interaction between blade size of 2.5 cm and speed
of 80 rpm. The least value of cutting efficiency of 8.93 kg/h was obtained from interaction

between blade size of 1.5 cm and speed 40 rpm.

Table 1: Effects of Blade Size and Speed on Machine Efficiency and Capacity when 2 kg of

Ginger was processed

Speed  Blade  Weight Weight Time  Percentage Cutting Machine

(rpm)  size ofcut  of of uncut efficiency capacity
(cm) ginger  uncut cutting (%) (%) (kg/h)
(kg) ginger  (min)
(kg)
80 L5 1,7 0.3 6.67 15 85 15.43
2 1.80 0.2 4.67 10 90 24.16
2.3 1.87 0.13 4 6.67 93.33 28.0
60 1.3 1,57 0.43 9.33 21.67 78.33 10.09
2 1.73 0.27 8 13.38 86.67 13.12
2 1.8 0.2 6.33 10 90 17:13
46 | #. ]1.43 0.57 9.67 28.33 71.67 8.93
2 137 0.43 9 21.67 74.33 10.51
2.5 1.5 0.47 833 20.33 76.67 1141

97



11 Machine capaciny
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gure 5, the highest values of mach; i i 2.3
ghest values of machine capacity were obtained with blade size of 2.5

m, while blade size of 1 5 ¢
ot 1.3 cm produced the least machine capacity for all the speed. The

e il

ne capacity increas b . .
pacity increases with increase in blade size for all the speed. This could be as
esult of more area of contact he ; . ; e
| © arca of contact between the blade of 2.5 cm with the ginger. This resulted 10

-Utting

ng of the ginger with that blade compared to the other blade with least size. The
mcrease in the size of the blade also played a role as the bigger the blade sizes the less the
resisting force that might be experienced when cutting the ginger. On the other hand machine
capacity increases with increase with speed. This could be as result of more centrifugal force
associated with higher speed which causes more segregation of the ginger with higher speed

cutting. Also at higher speed the strokes of the press are more which leads to increase in

the machine capacity.
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Figure 3: Effects of Speed and Blade Size on Machine Capacity

3.2 Effects of cutting speed and blade size on cutting efficiency

The effect of speed on cutting efficiency of the various blade sizes is presented in fig. 4.
Cutting efficiency of the machine increased significantly with increasing speed from 40 rpm
to 80 rpm but was almost constant at speeds of 60 rpm to 80 rpm for 2 cm and 2.5 ¢m blade
sizes. However, cutting the ginger with speed of 80 r.p.m using 2.5 ¢cm blade size had the
highest cutting efficiency of 93.33 % while cutting at a speed of 40 r.p.m produced the least

cutting efficiency of 71.67 % with blade size of 1.5 em.

Generally, all the speeds produced their highest efficiency (85% to 93.33) with blade size of

2.5 ¢cm while their least efficiency (71.67% to 76.67%) were obtained with blade size of 1 8

cm. Therefore, the machine cutting efficiency increased with increase in blade size. The high
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Figure 5: Effect of cutting speed and blade size on cutting efficiency

4, CONCLUSIONS

After the successive design, fabrication and testing of the equipment, it was concluded that

the machine capacity increases with increase in speed from 40 to 80 rpm as well as increase in

blade sizes from 1.5 to 2.5 cm. The machine cutting efficiency followed similar trend. On the

other hand the percentage of uncut ginger increases with reduction in the speed and blade size
and reduces with increase in speed and blade size. The developed machine will go along way

in increasing processing and utilization of ginger
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