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ABSTRACT

Garri and starch are staple food in Africa and Nigeria in particular, these
and other numerous foods are by products of cassava. With the continued
demand for these by products, the need to fabricate machinesfor easy grating
of cassava becomesinevitable. A mobile cassava grating machineis designed,
fabricated using locally sourced material and tested to determine its output
capacity. The current design isan improvement to the other designs. It consists
of a hopper unit, the grating drum and the delivery channel; it also consists
of tyres for easy mobility. All these components are assembled on a frame
made from angle bars. The machine is mechanically powered; the grating
drumis also made of metallic cylinder that carries a perforated plate which
served asthe grater. The machine cost N42,000.00 to produce, with an output
capacity of 55.79 kg/hr. The machine is economically affordable and used
for both house hold and industrial purposes.

Keywords: Cassava grater, cassava machine, mobile, development and
utilization

INTRODUCTION

Cassava (manihotesculenta) is a tuber plant that can be processed into food for
human consumption, the uses of cassavaare numerous, and it can be processed into
garri, fat and even starch (Ndaliman, 2006). Thetubersof cassavacannot be stored
for long after harvest before decaying and so processing followsimmediately after
harvesting (Ndaliman, 2006). Cassavaprocessing leading to sizereduction includes
peding, grating, dehydrating, milling and seving (Ndaiman, 2006). Cassavaprocessing
by gratingisof main concernin thispaper. Different typesof gratershave been used
over theyearswith oneshort coming or the other. Oyesola(1981) reportsin (Ndaiman,
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2006) that thetraditional method of grating wasfirst used, and thisinvolvesplacing of
theloca grater, whichismadeof perforated meta sheet onthetablewhenitisconvenient
for effective use and brushes sheet metal the cassavaturnsinto pulp and drop into
container that isbeing used to collect the grated pul p cassava. Many modifications
have beenintroduced, Adg umo (1995) in Ndaliman, 2006) designed awooden grater
inwhich the cassavaforced into ahopper isrubbed against the grater whichisbeing
electrically powered. Enhanced quality of cassavacan be grated using this method
(Ndaliman, 2006). However, the durability of thegrater islow because of itswooden
nature (Ndaliman, 2006). Ndaiman (2008) in Oriaku, Angulanna, Odenigbo and Adizue
(2015) fabricated apeda operated cassavagrater which ispowered by human efforts
appliedto peda. Thegrinder pulverizesthe cassavatubersinto pastewhich can pass
through awiresieve. Theeffective performance of thedesign wasat 60% (Ndaliman,
2006). Ndaliman (2006) & so designed adoubl e action grater; the machine assembly
ispowered mechanically or manually in case of electrical failure. Apart from faster
gratingrate, it requiredlesstime. Thegrating drumismadeof metdllic pipethat carries
perforated plate which served asthe grater. The main objective of thiswork isto
design, fabricate and utilize amobile cassavagrating machine using locally sourced
materidsinNigeria

MATERIALS AND METHOD

Design consideration
In designing the cassavagrater, certain considerationswere put in place:

I. The machine should be portable and mobile so that it can be used for both
household and industria purposes.

. Another consideration isthat cassavaproducesalarge amount of cyanogenic
glycosides soin salecting material sfor construction adequate care wastaken
not to use materia sthat can corrode easily dueto the acidic content in cassava
(Adetunji and Quadri, 2011).

Design principles
Thedesign principlesadopted for thisgrater areasfollows:

I. The gravitational dropping of the peeled cassavatubersfrom the loading
platformto the grating point and exit of the pulp to thereceiver.

. The continuousabrasiveforce (frictiond force) delivered to thetubershby the
rough surfaces of therotating barrel whichisachieved by therotating barrel
whichisachieved by therotating actionsof the pulley, bearings, belt and shaft
(Oriaku, Angulanna, Odenigbo and Adizue, 2015).
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Hopper Design
Thehopper hasthe shape of the frustum of apyramid

C

a

d
dl
Figure 1: Frustum of Pyramid ~ b*
Source: (Adu, 2004)
a
d
Complete pyramid
Extended pyramid

Figure 2 complete Pyramid
The volume of the pyramidisgiven by:

\% :% basex height 1)

Volume of hoper = volume of complete pyramid — volume of extended pyramid (Adu,
2004).

This Article is Licensed under Creative Common Attribution @@ (D) 170

Lk = M

https.//creativecommons.org/licenses’by-nc-sal4.0/



Journal of Environmental Issues and Agriculture in Developing Countries
Volume 10, Number 3, December 2018
ISSN: 2141-2731

1 1
:§leHl _gblxhl (2)

Where
V =volume of hopper
B, = Baseof complete pyramid
b, = base of extended pyramid
H, = height of complete pyramid
h, = height of extended pyramid

Massof hopperisgivenas:
M =pV(kg) A3)

Where
p =dengty of materia

Gratingdrumdesign
Thegratingdrumiscylindrical inshape. Thevolumeof thegrating drumisgivenas.
(4)
Wiptdrgger (pm) =T \MhereL = lengthof cylindrical drum
r=radiusof cylindrical drum
V ,=volumeof cylindrical drum.

Theforceacting onthecylindrical drumisgivenas.
F= mg (5)

Where
M =pV
(Ryder, 1985) (6)

WhereF =forceacting on cylindrical drum
g = accelerationdueto gravity

Pulley Selection
Torque of motor shaft (driving shaft) can beobtained as:

()
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Where:

Pm = Motor power

T, =motor torque

W _ =angular speed of motor
Angular velocity can bededuced using themotor rating as.

21N

W, = ®)
Where:

N = speed of motor in Rev/min

P
Motor Torquel(T,, ) = ——
que(Tn) = - ©
To prevent abdt driveduetoloading from completedipping, themotor pulley (Driving
pulley) diameter D, ischosenas.

D, =57(T,, )% (Chernilesky, Lavroraand Thomas, 1994) (10)

Where D, = diameter of themotor pulley

Also, the diameter of the cylindrical drum pulley (driven pulley) can be
cdculated from:

W
D, = Dlxwl(l—e) (Hall, Holowenko and Laughlin, 1982) (11)

2
Where:
D, =diameter of cylindrical drumpulley
W, =angular velocity of driving shaft
W, =angular velocity of driven shaft
€ =dipping coefficient

Design for belt
Determination of centredistance (Cs)
Thecentredistancefor av—bedtisobtained as:

Where: Cs=centredistance
T, =Thicknessof belt

Deter mination of Belt Length
For av —belt thelength between driving pulley and driven shaft pulley isgiven as.
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mR+R)+(R-r)*+2C,
C

Lg = (13)

Where:

L, =lengthof belt

R =radiusof driving pulley

r=radiusof drivenpulley
Designfor angleof wrapfor driving pulley and driven pulley
Theangleof wrapfor driving pulley and drivenpulley isgiven as:

o o . a2 \R-T1
o, =180° -23 =180 —ZSnl(C—S) (14)
o o . a2 \R-T1
o, =180° + 23 =180 +28|n1( c. ) (15)
Where:

a, =angleof wrap for driving pulley
a, =angleof wrap for driven pulley
Thesmallervaueof a, and o, governsthedesign

Shaft Design
The shaft used for thisisasolid shaft subjected to combined torsional and bending
stresses. The (ASME) code equation for asolid shaft having little or no axial loading
hasamaximum shearing stressgiven as (Paul, 1986).
S5 = 2o (m,K,) ¥ (mik,) (19
Where: Ss= shearing stress,
d = diameter of shaft,
m, = bending moment,
m, =torsional moment,
k.= combined shock and fatigue applied to torsional moment (1.0),
k,=combined shock and fatique applied to bending (1.5)

Deter mination of Torsional M oment (mt)

Sincethe shaft rotating horizontally both bending aswell astorsional moment arethe
mainfactorsinfluencing theshaft design, thetorsiona moment acting on arotating shaft
can bedetermined fromtherelation
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_ power
m=————
angular speed

= 19

_kw x60
2N\
Equation (17) will be used to cal cul ate thetorsional moment

(17)

(19)

Shaft L oading
Thesolid shaft isloaded asshowninFig 3:

///// Grating drum

Pulley

Bearing
Fig. 3: Shaft loading of cassavagrating machine.
Source: Researchers representation (2018)
Thesolid shaft withforcesactingonitisrepresentedinFig 4.

Fd (N/m)

vy by vy bl l

R 1 R 2
Fig4: Reactionsonthe shaft dueto vertical loading with uniformly distributed load
Sour ce: Researchers' representation (2018)
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Where
F= weight of pulley
R, andR,=Bearing reactions
F, = Didtributed load on grating drum

For ease of calculations, theuniformly distributed |oad isconverted to apoint |oad as
showninFig5.

F
Fq P

l J
[ [

R 1 R 2
Fig 5: Reactionson the shaft dueto vertical loading with uniformly distributed |oad
converted to point load.
Sour ce: Researchers' representation (2018)

From the evaluation of the forces and determination of the bearing reactions, the
maxi mum bending moment Mb(max) for the shaft was determined. The shaft diameter
dwascalculated using (13) by changing subject of formulaas.

4= (nsls,G Jimok, )+ (mtkt)f (20)

max

Modeof Operation

Themachine connected to aprimemover by av —betissetinto actionand alowed to
run for some time to ensure smooth operation. Peeled cassava tubers are then
introduced i nto the machine through the hopper these tubers comein contact withthe
grating drum, they are macerated into cassava pulp, thisis achieved due to the
perforationson the surface of therotating grating drum. The pulpsare collected through
thedischargeinto abasin or small rubber plate.

PerformanceEvaluation

Testswerecarried out using different weightsof cassavafor ten different batches. The
timetaken for each batch wasaccurately recorded. Theresultsof thetest are shown
intablel.
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Table 1: Number of loading and time taken

Number of loading M ass of cassava (kg) Timetaken tograte(sec)

1 06 %)

2 10 8l

3 15 %

4 20 21
5 25 149
6 31 182
7 34 214
8 40 242
9 44 220
10 49 371

TOTAL 274 1768

Sour ce; Researchers

Therefore,

Mass of cassava (kg)
Time taken (hrs)

Output capacity = (Ajao, Ayilaraand Usman, 2013)

Subgtituting valueswe have,
. 27.4x 3600
Output ty =—————
utput capacity 1768 (21)
=55.79%g/hr

CONCLUSION

A mobile cassavagrating machinewas designed, fabricated and tested. Themachine
issmpleto operate. It can be used both for household and industrial purposes. It was
found to be effective and efficient during operation and cold grate about 55.79kg/hr.
Themachineisreadily affordable dueto thefact that it was produced from locally
sourced materials. The machine costsforty two thousand nairaonly (N42,000) to
produce.
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