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ABSTRACT

This research work was carried out to design, fabricate and test the

performance of a manual

ed easily for

storage. This concept also aimed at reducing the processing cost, drudgery and time involved
The

and motorized ginger size reduction machine in order for the ginger to be dri

in drving ginger. The machine was designed to have a capacity of 900kg per day.
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 2.5 x 2.5cm, 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 drving. 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 ease of
transportation and maintenance and reassembled when needed.
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1.  INTRODUCTION

singer (Zingiber officingle) is a flowering herbaceous perennial crop, grown as an :
v 4% an annual

crop for its spicy underground rhizomes, ginger root or simply ginger. It is scientifloal!
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propagation. Ginger harvesting starts from and or with

machines. It is usually available in three different forms;
in brine or syrup and dried ginger spice
Ginger is valued for its essential oils, mainly oleoresin and ginger ol, used in pharmaccutical.
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%% i'n 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, ete. Gi f <
farmed in Nigeria especially the type farmed in Kaduna, is the best and in dcm'u‘\d tl B
the world. In Nigeria, ginger is found in almost all the local markets ac 0
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al processing of the
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ginger products thereby substantiating the need for industri

ginger within Nigeria (Yiljep et al., 2005).

i hem as whole dry
Nigerian ginger is mostly cultivated by peasant

farmers and processed byt
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two main pulverizing types which has been practiced for ginger rhizomes. If the ginger 1S CUb

only 5 to 6 hours are needed to dry in a cross-flow drier, compared t0 16 to 18 hours for

drying scraped 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 1o
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(]ayashree&\’isvanathan?.o11). 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 h:mxrduuﬂ-
cutting equipment and practices. Also the productivity and the efficiency of the cuttin,
procedure is not at its optimum level. The quality of final products also not uniform due
this manual cutting practices. Mechanical cutting of ginger can solve the problems associate

with the manual labour and transform into commercial production. This study is undertaken |

dC§| "n and dm - A g ;
g evelop a cost effective and efficient mechanical solution to slice the fresh ping

with high quality output.



3. METHODS
2.1  Machine Description

i. Hopper It is designed in 2
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ii. Cutting blade
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i . ’ . ssed over
gingers as 1t 18 being pushed out. The cutting blades ar 0

each other to from smaller square unit and mounted on a h
and the blade frame were made of stainless steel due to its strength, resistance to corrosion

and easy machinability
iii. 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 i'r:\m-c

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

Z‘:;stcs)u:spzir;sht]lloz;vl;:::gai::):iiz:nd pro.wfes rigidity to the machine was made of mild steel
apacity and it is cheap.

vii. Belt and pulley system

. -~

means of belt atta |
t attached to both the electric motor pulley and the shaft pulley



Fig. 1: Isometric view Fig. 2: Exploded View

22 Working mode of the machine LEGEND 5
SIS

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 j
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 ‘1
machine through the cutting blades to where it is | 4 Cutting Blade j‘;
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 |g Pulley Arrangclh‘éi'\'r;\‘:xf;;{;{iw»
the machine. These parameters and assumed values Frame '
made the design calculations possible as well as the g Bearing e «%
fabrication. The implement was designed mainly for [ Pulley st

ginger size reduction machine. S B
i Determination of the volume of the hopper

The volume of the hopper was calculated in order to determine the weight of the hopper,
1 1 ‘
Ve = |- e § % TR i 2 . 23
h=1\3 nh,(r, rs 37”12(?'3 T4) (1)
1 1 2 . ~ .
Where, V), is volume of the hopper (m), hyis the height of bigger cone (m), h; is the height of
smaller co is the WRERL g T . .
cone (m), ry is the outer radius of bigger cone (m), Ty is the inner radius of bigeer

cone, ry is the outer radius of smaller cone . : "
3 outer radius of smaller cone (m), ry is the inner radius of smalier cong (m)
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ii. Determination of weight of the hopper

The weight of the hopper was calculated to know the total weight of the machine it is given
by

W=pxVXxg (2)

Where W is the weight of the hopper (N), P is the density of mild steel (Kg/n13), V is volume

of the hopper (m3 ), g is the acceleration due to gravity.

iii. Determination of machine capacity

The 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

K hurmi and Gupta (2005)

F=fxN (4)
M

N=2 5)

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

(N), 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 to be able to determine the
power requirement of the electric motor that can be used 10 drive the machine. The power
required to reduce the size of ginger can be determined using the formula reported by Khurmi

and Gupta (2005)

ZnNt

P 8 60 (())
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Ny = (11)

Where N, is the output speed of the gear, N, is speed of the electric motor, V R is the velocity

=
>

ratio

«i. Determination of pulley diameter

The pulley diameter was determined to know the appropriate pulley to be
as calculated as reported by reported by

selected for the

fabrication of the machine. The pulley diameter W

Khurmi and Gupta (2005), and is give as follows

D=1t (12)

Where N is speed of driving (gear) pulley, N, is speed of driven (machine) pulley, D1 =

diameter of driving (motor) pulley and D; is the diameter of driven (machine) pulley

xii. Determination of center distance

The 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 (2005), and is given

as
X =221+ Dy (13)
Where D, is diameter of driving (motor) pulley, D2 is the diameter of driven (machine)

pulley

xiii. Determination of length of belt
The length of the belt was calculated to be able to select the appropriate belt for the machine

1o function efficiently.The length of the belt can be obtained as reported by Khurmi and Gupta

(2005), and is given as

Dy-D2
4x

Length of belt (Ly) = 3'2-(D1 +Dy) +2x+
Where D, is diameter of driving (motor) pulley, D, is the diameter of driven (machine)

pulley, X = center distance between pulleys

xiv. Determination of belt velocity

93



The velocity of the belt can be calculated using the formula reported by Khurmi and Lupid
(2005), and is given as
il " D]N]
T W (15)
Where Vy is the velocity of the belt, D, is diameter of driving (motor) pulley, N, is speed of

driving (gear) pulley.

Vb

xv. Determination of the angle of contact between the belt and pulley

The 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 (0) = (180° - 2cx) X 1—1;3 (16)

X Ta=T
Where o = sin”' =—

(17)
Where 14is radius of driving (motor) pulley, 72 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
K= 2.310g% = 1 x 0 x cosecP (18)

Where,T,is tension in the tight side of the belt in N, T, is the tension in the slack side of the

belt in N, P 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 (2005),

and is given as

T:(T,-—Tz)r (‘(”

\ 4 » > 1 » Y [ » M H 1

Vhere T is the torque generated (Nm), T is the tight side tension, T is slack side tension, s
radius of pulley

xviii. Determination of power transmitted by the belt



This is done i

| e‘ in order to know the amount of energy transmitted. Power transmitted by the belt
was determined as reported by Khurmi and Gupta (2005), and is given as
p=(Ty—T)xV (20)

Where, P 1 : i :
is power transmitted by the belt, T is the tight side tension, T, is slack side tension

in N, 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 (2003), and is given as

. A 16XT
R @1)
. Px60
2nN, (22)

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), and is
give as

b (23)

Ws = ML

where wgis the critical speed of the shaft, ¢ is the modulus of elasticity of steel, M is the mass

of the shaft, L is ength of the shaft.

«xi. Torsional dellection of the shaft

To know the angle of deviation of the chaft in degrees and 10 make sure this angle of
deviation is at its minimum. It was determined as reported by reported by Khurmi and Gupta
(2005), and is give as

Thus,

a=— (24)

|5~“\



where, @ is the angular shaft deflection in degrees, L is Length of the shaft, G is modulus of
elasticity of steel, D = 2.26x4+1

xxii. Determination of Maximum Working Stress of the Shaft

This is done in order to know the strength of the shaft and it behavior under working

condition. It is determined as follows as was reported by reported by Khurmi and Gupta
(2005), and is give as
— 16Ts

nd3 (25)

Where o is maximum permissible working stress, d is the shaft diameter, Ts is the torque of
the shaft

2.3 Testing of the Machine
Fresh ginger of 54 kg was bought from farmers, washed and shared into equal parts of 2kg
each for testing the fabricated machine. The machine was first run under no load condition to
ascertain the parts are moving freely. This parts weighing 2kg were fed into the hopper while
the machine was put on to run using a machine speed of 40rpm and a blade size of 1.5cm.
This process was then replicated three times to get the average and the whole process was
repeated for a blade of size 2cm and 2.5cm and speed of 60rpm and 80rpm. With this the
ginger were cut to the size of the blade. The weight of the cut and uncut sample were recorded
and the following parameter were calculated
i. Cutting efficiency: This is the effectiveness with which the machine cut the ginger 1o

predetermined size according to the sizes of the blades. This was calculated using the formula
below

Cutting efficiency = W:VW" x 100 (26)

Where W is the initial weight of ginger, Wy, is weight of uncut ginger

il. Percentage uncut ginger: The percent uncut ginger is the percentage of ginger that escaped
being cut by the machine during the process of its operation. It was computed by the equation
below

B 2 el Wy .
Percentage uncut = —- X 100 (27)

Where W is initial weight of sample, Wy is the weight of uncut ginger



iii. Machine capacity: This i

: This :
L . Y Is the average quantity of ginger that was cut by the machine it
Qur. e quantity of gi : ) achine in an
q Yy ot ginger cut in an hour can then be obtained using the expression be

Mc o w-wy % 60

s (28)

Where W= Iinitia : _
. I weight of sample, WU= weight of uncut ginger, t = time of cutting the
sample in min

3. RESULTS AND DISCUSSION

The result of testing of the machine using 2 kg of ginger at various speed of 40, 60 and 80
rpm is presented in Table 1. 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 of gat - of of uncut efficiency capacity
(cm) ginger  uncut cutting (%) (%) (kg/h)
(kg)  ginger  (min)
(kg)
80 1.5 1.7 0.3 667 i.13 85 1543
2 1.80 0.2 4.67 10 90 24.16
2.5 1.87 0.13 4 6.67 03.33 28.0
60 1.5 3.37 0.43 9.33 21.67 78.33 10.09
2 1.73 0.27 8 13.33 86.67 13.12
2.5 1.8 0.2 6.33 10 90 17.13
40 1.5 1.43 0.57 9.67 28.33 71.67 893
2 1.57 0.43 9 21.67 74.33 10.51

& 1.53 0.47 8.33 20.33 76.67 1111
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3.1 Machine capacity

from Figure 3, the highest v

alues of machi :
s R R o a;lu:e capacity were obtained with blade size of 2.5
‘ uced the least machi i E
ne capacity for all the s
peed. The

machine capacity increases with increase in blade size f

result of more area of contact between the blade of 2.5 c: i‘i‘u:h; Spc_:Cd. This could be as
llnorc c‘utt.mg of t.he gi‘ngcr with that blade compared to the othert t::ill: g::;hT::stresSi:lctci":\O
chesze in the size o-t the blade also played a role as the bigger the blade sizes -the l;:s's thi
res&stt.ng f‘orcc that might be experienced when cutting the ginger. On the other hand machine
capac‘lty mcr?ases- 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

of cutting. Als i
g. 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

32  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 10 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 cm.

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

2.5 ¢m while their least efficiency (71.67% to 76.67%) were obtained with blade size of 1.5

¢m, Therefore, the machine cutting efficiency increased with increase in blade size [he high
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tting efficien i
cutting cy observed with speed of 80 rpm could be as result of increased in centrifugal

force which results to high shear force, more number of impacts, greater number of beating
and cutting effect of ginger by the blade. This agreed with results of an earlier study by Jayesh
(2009) were speed of cutting was reported to have a significant effect on size reduction of
solid materials. Higher speed of cutting resulted to more yield of the material than lower
speed of cutting. The higher efficiency observed with blade with greater size could be as
result of increased in contact between the blade and the ginger with increased in size. This
result agreed with the result of an earlier finding by Rachel (2007) where blade desig

found to affect size reduction of materials. Both the blade size and cutting speed have

significant effects (p < 0.05) on cutting efficiency of the machine.

n was

100
90
‘ 80
| 70
60
50
40
30
20

10 %
0

\
|
|
1

—a—15

Cutting Efficiency (%)

—a— 2.5

; (DS [ SSNS SRR 1._..,1_,—1__.,J

e m—

40 60 80
Speed (rpm)

——

Figure 4: Effect of cutting speed and blade size on cutting efficiency

33 Effects of cutting speed and blade size on percentage uncut

The effects of cutting speed and blade size on percentage uncut presented in Figure 5. The

percentage of the uncut ginger using blade size of 2.5 decreased from 23.33 % to0 6.67 % with

increased in speed of cutting 40 rpm to 80. This could be due to increase in impact, cutting

and shearing actions of the blade with increased in speed of cutting which resulted to decrease

in uncut ginger. This agreed with the findings report by Jayesh (2009) where rotational speed

was found to be a key factor to size reduction of solid materials. Where, higher speed of

cutting resulted to more segregation of materials than the lower speed. On the order hand the

percentage of uncut ginger using speed of 80 rpm decreased from 15 % to 667 °

increased in blade size from 1.5 em to 2

s WHh

§ em. This could be as result of increased m gontact



petween the blade i £t
and the ginger with increased in size which caused more segregation of the

matcnals..Thxs result agreed with the result of an earlier finding by Gbabo et al. (2012) where
blade design was found to affect segregation of materials.
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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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