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ABSTRACT

An existing dicing machine for tubers developed by
NCAM was modified to improve the dicing output of
the machine by replacing the mobile cylindrical
punchers with set of knives arranged in square shape
to achieve the dicing operation and incorporating
stationary spike teeth to push out diced tubers fiom
the square knives. The machine was tested and
evaluated using yam and sweet potatoes of length
ranging between 305- 406mm and 127-156mm
respectively and diameter 73-110mm and 78-101mm
respectively with the tubers fed manually into the
machine. Evaluation results show that the average
dicing time for yam and sweet potatoes was 22.13s
and 13.88 s respectively; the mean dicing efficiency
was 68.18% and 60.49% while the mean machine
capacity was 157.20kg/h and 79.57kg/h for yam and
sweet potatoes respectively. The average uniformity
of dicing for yam was 68.18% and 60.49% for sweet
potatoes.

KEY WORDS: Development, modification,

dicing, efficiency and operation

1.0. INTRODUCTION

Roots and tubers are rich mainly in
carbohydrates, proteins, vitamins and minerals such as
manganese, phosphorus and potassium. It is a staple
food in sub-Sahara Africa and Nigeria is the highest
producer of major roots and tubers such as cassava,
yam, and cocoyam having 51%, 97% and 77% of
world production respectively. Due to their perishable
nature, poor postharvest handling and inadequate
storage facilities, about 50% of roots and tubers are lost

www.eprajournals.com

annually (IITA, 2008). According to Onebunne (2004),
the factors responsible for postharvest losses of root
and tuber crops are ineffective or inappropriate
harvesting, postharvest handling practices, poor
transportation media, bad market practices and lack of
storage facilities.

As a result of this alarming rate of postharvest
losses, many simple methods have been devised to
extend the storage or shelf life of roots and tubers;
these include peeling, slicing, chipping, dicing, etc.
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These are operations carried out on roots and tuber
crops just to open up the surface area and increase the
drying rate (FAO, 2008). Most of these operation can
be carried out locally using simple household tools
such as knives, cutlasses, etc.

Dicing is introduced in tuber processing as an
operation to further reduce the size of sliced or chipped
roots and tubers for ease of handling, transportation
and storage. Dicing is a culinary knife cut in which
food items are cut into small blocks or dice. This may
be done for aesthetic reasons or to create uniformly
sized pieces to ensure even cooking or drying
(www.cooksinfo.com, 2012).

Technically there are three types of dicing based
on the size of the end product, these are: the large,
medium and small dicing. Large dicing is usually a
20mm [3/4 inch] cube while medium dicing is 10mm
[1/2 inch] and small dicing 5mm [1/4 inch]
(www.cooksinfo.com, 2012). Dicing operation is
achieved commonly by the use of knives and a dicing
platform or board. The diced products are of varying
thicknesses, shapes and sizes; also physical injuries like
cuts can be inflicted on the user if done carelessly
(Wikipedia, 2010).

The methods of dicing can broadly be classified
into traditional and mechanical, based on the mode of

the operation. The traditional method of dicing using
the knife and board/platform involves a lot of labour
and drudgery with low output, poor hygiene, produces
non-uniform cubes, time consuming and hazardous.
This and other challenges earlier mentioned necessitate
the need for mechanization of this operation to
eliminate the drudgery and ensure timeliness of
operation.

In order to circumvent the associated dicing
problems, there is the need to have a machine that can
efficiently dice variety of crops (roots and tubers) for
improved shelf live and value addition. In view of this,
it is pertinent that the existing NCAM developed
machine is modified so as to increase its efficiency,
output and capacity. The project objective is to modify
the mould and die mechanism of the existing NCAM
dicing machine in order to improve the machine
performance.

1.1. Postharvest Handling of Root and
Tuber Crops

Most roots and tubers follow the same pattern of
processing into dried form for viable storage and
further preservation. The process flow line for most
roots and tubers into storable products is highlighted in
schematics as follows:

Sorting/Selection

Washing

Peeling

Dicing/Chipping

Drying

Grinding

Packaging and Storage

Figure 1: Block diagram for processing of roots and tubers.
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1.2. The Existing NCAM Tuber Dicing
Machine

The existing NCAM dicing machine was
designed with a mould and die mechanism which
performs the dicing operation, a slicing device is
incorporated inside the receiving chute where the tuber
is placed and is sliced, the sliced tuber is then sent to
the dicing chamber where a motor driven cylindrical-

Plate 1: The Existing NCAM
Dicing Machine

2.0. MATERIALS AND METHODS

2.1. Design considerations

In the modification of the NCAM dicing machine, the
following factors were put into consideration:

i. The shape and size of the crop to be diced.

ii. Availability and suitability of selected materials: The
construction materials were locally sourced and
selected based on their suitability for the project.

iii. Contamination: The cutting blades and the dicing
chamber would be made from stainless steel which is
corrosion resistant.

iv. The power requirement.

Figure 2: The hopper

ii. The Shaft

spiked die presses it against the stationary square
mould for dicing. Preliminary test of the current model
revealed that as a result of the bluntness of the mould,
pressure applied on the tuber as it is pressed against the
cylindrical die causes the tuber to rupture and
eventually crushed before the dicing operation is
achieved. As a result, there is excessive tuber loss,
damages and production of non-uniform diced product.

Plate 2: Mould and die
mechanism of the Dicing

The modification of the NCAM dicing machine is
centred on the need to make improvements to the
dicing machine with the aim of increased efficiency
and output.

2.2. Design calculations

i. The Hopper

The hopper constructed from 2.0 mm stainless steel has
dimensions of 250 x 200 mm hexagon with a
cylindrical frustum opening diameter of 100 mm and
neck height of 60 mm into the dicing chamber. It was
screwed to the machine for ease of dismantling.

The design of shaft primarily involves in determining stresses at critical point in the shaft that is arising
due to bending, torsional and axial forces. The following were considered in the design of the shaft using
equations as described by Khurmi and Ghupta (2004) as follows:

a. Bending Stress

www.eprajournals.com
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o= ‘(_)32 M. (1)
b 7Z'd 3 1_ k4
Where, M b is bending moment, N-m; d is outer diameter of shaft, m; k is ratio of inner to outer

diameter of shaft; k is zero (0) for solid shaft.

b. Axial Stress

. 4o

- 2 2
~d*-k’)

Where, F is axial force (tensile or compressive), N; d is column-action factor (1.0 for tensile load); d is

outer diameter of shaft, m; k is ratio of inner to outer diameter of shaft; k is zero (0) for solid shaft.

O. 2

c. Stress due to torsion
16T (3)

Where, T is torque on the shaft, N-m; T is shear stress due to torsion, Pa.
Xy

d. Combined Bending and Axial Stress
Both bending and axial stresses are normal stresses, hence the net normal stress is given by:

[ 32M | 4aF } ©)
Ox ™~ 3 4\ — 2 2

~d’l-k*) ~d’b-k’)

The net normal stress can be either positive or negative. Normally, shear stress due to torsion is only
considered in a shaft and shear stress due to load on the shaft is neglected.

e. Maximum Shear Stress
The shaft was designed using maximum shear stress theory which states that a machine member fails when the
maximum shear stress at a point exceeds the maximum allowable shear stress for the shaft material. Therefore,

2
O x 2 5
Tmax = Tallowable: + TXY ( )
2

Substituting for d tx, the above equation becomes,

16 \/M +—O’Fd(1_ I(2)+'|'2 (©6)

Tallowable: ﬂ'd 2‘1_ k4)+ 8

Therefore, the shaft diameter can be calculated in terms of external loads and material properties. However, the
above equation is further standardised for steel shafting in terms of allowable design stress and load factors in
ASME design code for shaft.

The shafts are normally acted upon by gradual and sudden loads. Hence, the equation is modified in ASME code by
suitable load factors,

Tt Fl(f—_k)J MG+ 8K (T o

Where, Cym and C; are 1.5 and 1.0 respectively. (ASME code).
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f. Determination of Shaft Displacement

Figure 3: Schematic diagram for the Shaft displacement.

According to Hamitton and Ocrirk (1963), the maximum displacement (x) that can be generated at an angle of
displacement (Q) is given as,

x=Rl-cos180)+ X-sin‘180 ®)

Where, R is the radius of the shaft, m; L is the length of connecting rod/coupler, m; a is the angle of displacement,
rad/s.

iii. Power requirement, Pulley and Belt Design.

a. The pulley and belt length was determined using equation stated by Aaron (1975),

N1D1:N2D2 (9)

Where, N — speed of driven pulley, rpm; N»— speed of driving pulley, rpm; D; — diameter of driven pulley, mm; D>
— diameter of driving pulley, mm.

L=2C+157(D,+ D)+% (10)

Where, L is length of belt, mm; C is distance between driving and driven pulley, mm; D, is the diameter of driving

pulley, mm; D, is the diameter of the driven pulley, mm.

Figure 4: Pulley and Belt Arrangement.

b. Power requirement of the machine

P = FT (0] (1 1)
Where, F . is the total force to be overcome, N; @ is the angular velocity, rad/s.
F-=Fvw+Fo (12)

Where, F. is the force generated by the mechanism, N; F b is the force/resistance produced by the
tuber, N.
_ D (13)
60

iv. The Blade Shear Impact
The kinetic energy (K.E) of the moving blade mesh is determined by shear impart equation given by Norton (2006):

E = 77[% mvizj (14)
Where, m is the mass of the cutting blade mesh, kg; v; is the velocity of impact, 7vs; 77 is the correction

factor for energy dissipation.
Assume all the K.E transferred from the moving shaft is converted, the impact force F; is calculated as:
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f i I _ mv,

2k 775

F. :Vi\/m

(15)
(16)

Where, k is the linear relationship between F, (the blade tensile strength) and resulting deflection 0, i.e.

k= E
o

2.3. Working Principle and Description of
the Machine.

The machine operates on crank and slider principle.
The main components of the modified dicing machine
are, the frame, an outlet chute, a hopper, the dicing
chamber which consists of set of blades arranged in

<\ D

a7

square, a link, a shaft and pulley for power
transmission from the electric prime mover. The frame
was constructed from 45 X 45 mm mild steel angle bar
to give rigidity and stability that will withstand load
and vibration. A frustum hopper was incorporated to
allow loading of more roots and tubers.

Figure 5: Isometric view of the modified Tuber Dicing machine.

2.4. TESTING AND EVALUATION

Yam and sweet potatoes were used in the testing and
evaluation of the machine performance. The
operational efficiency of the machine was calculated at
each instance in order to evaluate the performance of
the machine and make recommendations for future
modifications.

2.4.1. Apparatus

Digital weighing scale, stopwatch, knife, bowls.

www.eprajournals.com

2.4.2, Test Procedure

Specified unpeeled tubers were selected and weighed
out, five (5) in number each for yam and sweet
potatoes on the digital scale and recorded. The tubers
were manually peeled using knife, re-weighed and
recorded. The peeled tubers were subsequently washed
in clean water and fed manually through the hopper
into the machine one after the other. The operational
time was taken using the digital stopwatch and
recorded at each instance. The uniformly and non-
uniformly diced tubers were weighed and recorded.
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2.4.3. Evaluation
The machine performance was evaluated using the following parameters:

i. Dicing efficiency, DE (%) = M x100% (18)
A
Where, Wy is the weight of uniformly diced tuber, g; Wer is weight of the peeled tuber fed into the machine,
g.
ii. Dicing Capacity, D.= W, = 3600 (19)
D
Where, Wy is weight of uniformly diced tuber, g; Tp is operational dicing time, s.
iii. Uniformity of Dicing, [, (%) = VV—U x100% (20)
'_—r

Where, W, is the weight of uniformly diced tuber, g; \\/ o is weight of fed peeled tuber, g.

3.0. RESULTS AND DISCUSSION

Tables 1 and 2 show the result of the measured
parameters for yam and sweet potatoes respectively.
The machine has an average dicing efficiency of 68.18
% and 60.49 %; the average dicing capacity of 157.20
kg/h and 79.57 kg/h respectively; while the average
percentage of non—uniformly diced tubers was 31.82 %
and 39.51 % respectively.

It was observed that tubers of diameters close to
that of the feeding chute (100mm) have higher dicing
efficiency than those of lower diameter. For instance,
yam tubers diameter of 99.00 mm and 86.00 mm have

According to Ehiem and Obetta (2011), this could be
due to reduced wobbling effect of the tubers with the
chute walls as the tuber diameters are close to that of
chute wall.

There was high percentage of non- uniform
dicing efficiency for tubers whose diameter is far less
or more than the chute diameter. For example, yam
tuber with diameter of 73 mm and 110 mm had non—
uniform dicing efficiency of 32.20 % and 33.15 %j;
while sweet potatoes diameters 78 mm and 101 mm
had non-uniform dicing efficiency of 40.32 % and
42.36 % respectively. These could be as a result of

rocking effect of the tubers and chute walls resulting in
wobbling as slicing is in progress which in turn affects
the dicing operation.

efficiency of 69.42 % and 68.64 %; while sweet
potatoes of diameter 86.00mm and 83.00mm have
efficiency of 61.10 % and 60.85 % respectively.

Table 1: Result of measured parameters for yam.

Wpg () Wer(g) Wy(g) Wy(g) Wa(®) My(%) Ep(%) Mr(g) Ly(mm) Cr(mm) r(mm) Dy(mm) Ty (s)
1490.00 1290.00 879.78  410.22 1290.00 31.80 68.20 610.22 305.00 250.00 40.00 80.00 22.32
1680.00 1450.00 99528  454.72 1450.00 31.64 68.64 684.72 381.00 270.00 43.00 86.00 21.82
1560.00 1372.80 917.72  455.08 1372.80 33.15 66.85 642.28 381.00 350.00 55.00 110.00 23.60
1630.00 1385.50 93937  446.13 1385.50 32.20 67.80 690.63 406.00 230.00 36.50 73.00 22.41
1800.00 1584.00 1099.61 484.39 1584.00 30.58 69.42 700.39 368.00 310.00 49.50 99.00 20.51
Average 141646 966.35 450.11 141646 31.82 68.18 665.65 368.20 282.00 44.80 89.60 22.13
Table 2: Result of measured parameters for sweet potatoes.

Wg(g) Wer(® Wy(® Wy Wi My(%) Ep(%) My (g8) Ly(mm] Cp(mm] r(mm) Dy(mm T (s)

578.10 514.60 314.42 200.18 514.60 38.90 61.10 263.68 15240 270.00 43.00 86.00 12.96

450.40 407.61 24326 164.35 407.61 4032 59.68 207.14 127.00 24520 39.00 78.00 14.31

680.00 603.16 347.66 25550 603.16 4236 57.64 33234 134.62 320.00 50.50 101.00 14.50

640.00 564.48 356.75 207.73 56448 36.80 6320 283.25 129.54 31540 5020 100.40 13.98

500.00 446.85 27191 17494 446.85 39.15 60.85 228.09 156.21 260.65 41.50 83.00 13.65

Average 507.34 306.80 200.54 507.34 39.51 60.49 26290 139.95 28225 44.80 89.60 13.88
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4.0. CONCLUSIONS

With this machine in place, the problems
associated with manual dicing such as varying
thicknesses, shapes and sizes of diced products;
drudgery when large quantity is involved, and physical
injuries on the operator have been minimized. Also
dicing as a processing method can be encouraged
among processors by propagating it as a faster means of
drying roots and tubers as it opens up the surface area
and enhances drying. Full-automation of this operation
is recommended to achieve better results in future.
ACKNOWLEDGEMENTS
We are greatly thankful to the Acting Executive
Director and members of the management team of
the National Centre for Agricultural Mechanization
(NCAM) for the timely release of funds for the
completion of this project. We also appreciate the
efforts and contributions of the following individuals:
Mr. Odeniyi O.M, Mr. Alfa Saheed, Engr. I.H.
Manta; all staff of Engineering and Scientific Services
(ESS) workshop and the department of Agro-Industrial

Development and Extension (AIDE) for their
cooperation throughout this research work.
REFERENCES
1. Aaron, D.1975. Machine Design in Theory and Practice.
Collier Macmillan International, London.

2. Ababio, 0.Y. 2006.New School Chemistry for Secondary
School, 5" Edition. Pp. 245 - 267.

3. Ehiem J. C. and Obetta S. E. (2011). Development of a
motorized yam slicer. Agric Eng. Int: CIGR Journal. Vol
13, No.3.pp 1-5. Available at

www.eprajournals.com

http:/ /www.cigrjournal.org; accessed 26" December,
2015.

4.  Hamitton, HM and F.W Ocrirk, 1963.Mechanism and
Dynamics quachinery, 2" Edition, John Wiley and
Sons, Inc; London. Sydney.

5. Khurmi, R.S and Ghupta, |.K 2004. A Textbook of
Machine Desi(gn.]_?rhEdition, New  Dehli,
Publishing Housing. Pp. 106 -118.

6.  Oncbunne, A. (2004).Yam Production and Export’

www.cgiar.org/research/yam; ~ Accessed, 14
May 2014.

7. Petrov, M. and Yu, H.C.1988. Machine design,
Published by Mir Moscow.

8. Robert. L. Norton, 2006. Machine Design: An Integrated
Approach.3"1 Edition, Pearson Educational, Inc. Upper
Saddle River, New Jersey. Pp. 104 -109; 504-511.

9. Scott, G; Best, R; Rosegrant, M.W. and Bokanga, M.
2000. Roots and Tubers in the Global Food System - A

statement to the year 2020. CIAT-CIP-

IFPRI-IITA -IPGRI-CIP. 45.

10.  www.cooksinfo.com Published 11/24/2012. Accessed :
24 May 2014.

11. www.en.wikipedia.org/wiki/yam/vegetable
Accessed: May, 2014.

12. www.fao.org .2008. "Storage and processing of roots and
tuber in the tropics”. Accessed: 24 May 2014.

www.iita.org/root/tuber /systems. 2008. Accessed: 14

Eurasia

vision

.2010.

May 2014.

Volume: 4 | Issue: 11 [ November 2018

167


http://www.cigrjournal.org/
http://www.cgiar.org/research/yam
http://www.en.wikipedia.org/wiki/yam/vegetable%20.2010
http://www.fao.org/
http://www.iita.org/root/tuber/systems.%202008

EPRA International Journal of Multidisciplinary Research (IIMR) | ISSN (Online): 2455 -3662 | SJIF Impact Factor: 5.148

APPENDIX

Figure 6: Exploded view of the Modified NCAM Dicing Machine
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