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Abstract

Analysis of Cassava peeling machine designed for domesticamnchercial use in Nigeria was carried
out. The cassava peeling machine was evaluated to determpegfdenance, machine through capacity,
peeling efficiency, percentage of flesh loss, percentage tf paoved by machine and manually. The
results obtained indicate that a peeling efficiency of 91.3%raae peeling time of 11.24minutes and
1.62minutes were calculated for manual peeling and machine peetipgctively. The percentage of
mass of peels removed manually and by machine were approxintteedgme (9%). A machine through
put capacity of 0.147kg/sec was obtained. The analysis of flesh lost shown 56&00.6f useful cassava

flesh was lost.Considering the results obtained, the machmeecaised for domestic and commercial
purpose in Nigeria.
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Nomenclature

nd

Ave. Average S Stage 1

dx Diameter of driver pulley S Stage 2

d; Diameter of driven pulley S Stage 3

D Diameter S Stage 4

F Force W Angular velocity

G Acceleration due to gravity | T; Tension in the tight side of the belt

M Mass of cassava tubers fed | T, Tension in the slack side of the belt
into the machine

MsPmachine | Percentage of mass of peels| X Distance between the two pulleys
removed by machine

M1Pmanuar | Percentage of mass of peels Greek Symbols
removed manually

N Number of testing (2 Angle of wrap of an open belt

ny Speed of the driver pulley H Coefficient of friction between the cassava ar

peeling

n, Speed of the driven pulley | > Summation

N Speed in revolution per o« | Angle of contact
minute

P Power to turn the shaft Abbreviations

Pe Peeling efficiency FAO | Food and Agriculture Organization




R Radius of driven pulley IITA | International Institute of TropicalAgriculture

R Radius of driver pulley MTC | Machine through put capacity

1.0 Introduction

Cassavamanihot esculent crantzis a tuberous starchy root crop of the family euphorbiaceae [1].
It is a food crop, known worldwide for drought tolerance and for thriviny evemarginal soils
[2].Cassava is believed to grow well in areas with annual thiofeb00 — 5000mmand full
sunshine, but susceptible to cold weather and frost [3].Cassavhaa@source of calorie intake

in human diet and a source of carbohydrate in animal feed [4]a¥zass believed to have
originated from South America but is now grown in most of the tropmantries of the world
like Brazil, Indonesia, Nigeria, Congo Kinshasha, Congo, Brazevillganda, Ghana,

Democratic Republic of Congo, and many other countries of the world [5].

Nigeria is currently the largest producer of cassava in trlwith an annual output of over 34
million tonnes oftuberous roots [6]. Cassava is a major source bbloairate in most
developing nations of the world. It is an important diet to more tham &igndred million
(800,000,000) people around the world [7] and it is referred to as a food security crop [8].
Various cassava tuber peeling machine had been designed and yegseibls researchers [9-
15]. However, most of these machines have been widely acknowlesldpeihg inefficient [16-
18]. Most of them were batch peelers with straight edges abrasideknives. They all suffer
from the fact that:

i. Cassava tubers are irregular in shape

ii. Cassava tubers taper from head to tail

iii. Cassava tubers can be harvested at different stages of matuliatyreys.

However, it was realized that combining the insights shown in [A®@]20], the following were
achieved:

i. Cassava tubers required peeling force of 500N

il. The small laceration in the body of cassava tubers significantly reédisgeeeling force

iii. That cassava tuber can be sorted into significant diametral sizes.

According to Ohwovoriole [19], cassava tubers require a cutting fofceBOON. However,
Owhovoriolepeeler could not control the depth of peel and is limited th pabdcluction. It was

consequently modified in [21]but the modified peeler suffered aasirfate hence, there is need



for accurate study of the physical properties and charaaterisf cassava tubers as a pre-
requisite to the successful design of an efficient cassava tpbelsig machine for minimal
useful flesh loss[20]. However the major constraint of the machingndes by the past
researchers was the poor quality of finished products, large numibbreken cassava tubers
recorded, large quantity of useful flesh loss, coupled with poariezifiy obtained. In oder to
curb these cited problems, there is a need to develop an improwsayaaseeling machine,
capable of peeling cassava conveniently with high efficiency anchtevacthis, proper analysis
that has to do with physics and mathematical equation were applied in thishiegesk.

21  Design Consideration
Power required to peeled the cassava tubers is determined from equation (2.1) amal @it
while the force and speed required are determined from equation (2.2) and equation (2.3);

P=FV=Frw=Tw (2.1)

F=mg (2.2)
DN

V=20 (2.3)

pP= manDN (2.4)

60

Coefficient of friction ) is given by
2.3log (%) = ua (2.5)

For cross belt, angle of contaal) (s given by

sina = ? (2.6)

For open belt, angle of contaat)(is given by

sina = % (2.7)
Therefore, angle of wra@) can be expressed as

6 =180 + sin™* (*F) (2.8)
The tension on the tight sides{Tand slack sides ¢Jis given by

T, —Ty =< (2.9)
The speed of the driver pulley,;Jand driven pulley () is given by

= Z—z (2.10)
Length of the belt (Dthat passes over the driver pulley in one minute is given by

L, =nmding (2.11)

Similarly, length of the belt ({)that passes over the driven pulley in one minute is given by
Lz = T[dznz (212)



Since the same belt length passed over both the driver and driven pulley, and it took the same

time (i.e.one minute)for the belt to passed over the driver and driven pulley, therefore

T[dlnl = T[dznz (213)
Thus;

ny _ ﬂ

oo (2.14)

The belt length is obtained as follows:
L=2C + Z(Dy +D;) + 222
(2.15)The centre to centre distance (C ) between driver and driven pulleynsagive

31 Results and Discussion

Table 1 show the masses of manual and machine peeling carried out consecutivety in t

stages.
Table 1.Results obtained with manual and cassava pegling machine
SIN Cassavatubers S S S Sy Ave.
1. | Mass of cassava tubers fed into the machine(M) 10.00 10.00 10.00 |10.00 | 10.00
2. | Mass of peel removed manually )M 0.80 0.82 0.79 0.98 0.8%
3. | Mass of cassava tuber peeled manually) (M 9.20 9.18 9.22 9.02 9.16
4. | Mass of peel removed by machine 3\M 0.86 0.88 0.84 0.89 0.87
5. | Mass of peeled cassava tuber by maching (M| 9.14 9.12 9.16 9.11 9.13

The result of the peeling time and machine through put capacity is show in Table2

Table 2. Results of peeling time and machine through put capacity

Ny Tmanua] Tmachine MTC

1. 12.05 1.08 9.25
2 11.05 2.01 4.98
3 9.45 1.55 6.45
4. 11.65 2.35 4.26
5. 10.25 2.05 4.88
6 10.05 1.55 6.45
7 10.65 2.15 4.65
8. 11.05 1.09 9.17
9. 9.85 1.65 6.06
10. 11.05 1.95 5.13
11. 9.95 2.01 4.98
12. 10.50 1.05 9.52
13 12.12 1.98 5.05
14 13.41 2.34 4.33
15 11.09 1.12 8.93
16 11.87 1.85 5.41




PE=

Pg

17 12.23 2.01 4.98
18 13.45 2.19 4.57
19 10.23 1.00 10.00
20 12.11 1.23 8.13
21 11.87 1.09 9.17
22 12.12 1.89 5.29
23 10.39 0.85 11.76
24 10.58 0.99 10.10
25 12.01 1.59 6.29
2T manus=281.03 2T machin=40.62 2mTc=169.79
Ave manu=11.24 AVEnachin=1.62 Aveurc=6.79

The average peeling time by machine and manual peeling are deteframestuation (3.1)

and equation (3.2)

Ave. = —ZT";ffine (3.1)
40.62
Ave.= —— = 1.62minutes
25
Ave. = Smanuel (3.2)
281.03 ]
Ave.= = 11.24minutes

25

The percentage of mass of peels removeby machine and manually are deteomined fr
eqguation (3.3) and equation (3.4) as:

M
M3Prachine = ﬁ x 100 (3.3)
0.87
MBPmachine = T X 100 = 8.7% = 9%
My
My Pt = 22 X 100 (3.4)
0.85
Mlpmanual = T X 100 = 8.5% =~ 9%

The efficiency of the cassava continuous peeling machine and the machine througlaqtyt ca

(MTC) aredetermined from equation (3.5) and equation (3.6) as

QUUt » 100 = % x 100 (3.5)

Input

9.13 _ 100
— X— =91.3%
10 1



M

MTC = (3.6)

Tmachine

10
MTC = m = 0.147kg/sec

The percentage of useful flesh loss of cassava tubers (%Fl) is given byed8at)
%Fl = "2 x 100 (3.7)

2
o = 220 9t 00 = 0.6565%
°T 7" 914 - 0

Table 1shows the results obtained with manual and machine peeliirggl @art on three stages
with the same mass of cassava tubers fed into the machine. Their aversgjeewasto account
to determine the percentage of flesh loss, peeling efficiencypahmentage of mass of peels
removed manually and with the cassava peeling machine. The rdsaltsed show that the
percentage of mass of peels removed by machine and manualjypaogimately the same (9%)
. Average peeling time of 11.24 minutes and 1.62 minutes were obtainedgavaatubers
peeled manually and with machine respectively. The results $tadypeeling with machine was
faster and the end product was as good as tubers peeled m&wagadihg efficiency of 91.3%
was calculated and this shows that the machine is good and its performarsagigfactory. The
graph of peeling time by machine and manual is show in Fig.larasee from the graph, at

each stage of testing, peeling by machine is faster than peeling by nraditedal method).
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Fig.1. Graph of peeling time by machine and manual

To have a better idea of the quantity of useful cassava flestalsabst in the peeling process,
the mass of peel removed manually with knife without flesh loss was subtrastethe mass of
peeled cassava tubers obtained by the peeling machine. Thendisalted a 0.6565% of useful
flesh was lost by the cassava peeling machine, which was alimhren compared to useful
flesh loss in existing cassava peeling machine.The averagagpgme by machine and total
mass of cassava fed into the machine were used to caldwateachine through put capacity
(0.147kg/sec). The graph of machine peeling time and machine thpotiglapacity is show in
Fig. 2. From the graph, it was observed that the peeling timduaction of machine through
put capacity. The higher the peeling time, the lower the mac¢hinagh put capacity. On the
hand, the lower the peeling time, the higher the machine through put capacity.
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Fig.2 Graph of machine peeling time and Machine through put capacity

4.0. Conclusion

The continuous cassava peeling machine was successfully designiatbraceted and this was
aimed at solving an aged long manual peeling of cassava tuberqefiesmance was carried
out on the fabricated continuous cassava peeling machine. Analysisawesl out on the
efficiency and the results shown that low efficiency and poortyuzfithe mechanized products
have been overcome. Force required to obtained efficient peelingchiased and the machine
was found to be most efficient in removing the cortex at a rangtheofcassava tubers.
Minimizepercentage of useful flesh loss and average time ofngeelere recorded. Good
quality of finished products was obtained and minimize number of brokeaveatubers were
recorded. For all cassava production, the peeler developed from thiswilbdecatly enhance
production speed, product integrity, quality and availability at minmncost. This will also
enhance large scale cassava cultivation and reduce unemploynmnttHer results obtained
based on the quality of peeled cassava produced by the cassava peelmge, the machine

was efficient and can be used locally and industrially in small scale.
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