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Abstract

Introduction: This paper is on modelling of the abrasive peeling of cassava tubers with some form of gyroscopic
motion into the operation. The machine action required three motions of rotation, rocking and revolution of the
abrasive peeling drum and balls. As such two or three electric motors are needed to provide the required
motions, hence energy consumption was a major concern

Objectives: the objective is to develop a predictive model of the energy consumption rate of the peeling machine
which can be used as a basis for design.

Methods: the involves developing A predictive mathematical modelling of the energy consumption rate during
peeling was carried out, which revealed the angular velocity of the shaft, drum and the abrasive balls (wa),
unevenness of the product surface (®), abrasive teeth shape and protrusion ( A) and angular velocity of the
revolving assembly (wg) as the basic factors affecting peeling rate

Results: The results show that the motion of cassava in the chamber remains random for the different speeds
of rotation modelled in this research. The limit set for each rotation was 100mm in diameter, and they are
modelled for two cycles of 360° or 2rt radians. In all the different speeds of rotation from 20rpm to 160rpm in
steps of 20rpm, no appreciable difference in the motion was observed. Energy consumed during cutting shows
remarkable difference with 20rpm recording the highest value of 6.0 x 108) and 120rpm producing the minimum
value of 1.0 x 108J. It was also observed that, at 80rpm,100rpm, 140rpm and 160rpm the energy consumption
rate is the same at 1.5 x 108).

Conclusions: The predicted values shows that the energy consumption rate of the machine is quite reasonable
for the commercialization of the machine.

Keywords: abrasive mechanical processing speed scratching predictive.

Introduction about 65% of the processing time and effort,[4].

. Several methods of peeling have been investigated
Cassava is one of the commonly grown root crops

in sub-Sahara Africa. It has gained so much by researchers, such as chemical, thermal, and
- . . L mechanical. Of all these methods, mechanical
popularity in all the geo-political regions of Nigeria. | " bility. b h
Traditionally, it is grown for food in Sub-Sahara peeling appears to wider acceptability, because, the

Africa[1]. In the tropical part of Africa, it has integrity of the final product is preserved and is

. . devoid of side effects associate with other
become the most important crop in terms of both

. . methods. Even in mechanical several methods such
the total land area devoted to its production and

L . . abrasive, knives, drums, and rollers have been
the proportion it contributes to the human diet,[2].

. . L . reported by different researcher, some with
Cassava requires series processing into edible form,

. . . . marginal success, others with improved efficiency
and one major aspect of its processing is

peeling [3]. Peeling is considered as the most have to pre-shape tubers. An understanding of the

. . . rocessing of peeling is necessary for the optimal
important aspect of processing because it takes P gore g ¥ P

design and performance of mechanical peelers,[5].
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One vital and persistent goal in engineering is to
develop a performance relationship between all the
variables and parameters in a system, in a
mathematical form. Meng and Ludema (1995). A
mathematical model of a peeling process could be
an efficient tool for that purpose. Emardi et al.
(2006). Few attempts have been made in modelling
cassava peeling, Emadi et al. (2007), modelled the
mechanical peeling of two pumpkin varieties,
others are Somsen et al. (2004), Ferraz et al. (2007).
Also, theoretical modelling of peeling cassava
tubers with knives was developed by Adetan et al.
(2006) and modelling of cassava tuber as a mean of
theoretical peeling Olukunle and Akinnuli (2013).
This paper discusses the modelling of cassava
peeling using a gyroscopic motion approach based
on an abrasive method of peeling.

Objectives
Nomenclature:

P, & P, = Power required for fracturing & scratching
skin Nmm/s,

Ile = Peeling efficiency

Ep & Eq = Penetration and deflection energy per
point

wd = Drum angular velocity.

n2=No. of points on drum.

n1 = Total number of points on balls.

K1 = shearing resistance/unit length N/mm

vi & vz - Penetration velocities of ball and drum
protrusions, mm/s

Vi=V2=V
61 = Deflection of products (mm)

62 & 63 - Average penetration depth of abrasive
teeth (balls and drum)

62-63

E = Modulus of elasticity of abrasive material (balls
and drum)

It = Second moment of area of abrasive teeth of
balls and drum

64 = Average deflection of abrasive teeth of balls
and drum
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©1 = Angle of teeth protrusion of balls and drum

d2 = diameter of protrusion hole of balls and drum
L2 = Length of tooth protrusion of balls and drum

L1 = Effective length covered by abrasive teeth of
balls and drum

Y = Ratio of product toughness of teeth and drum
B = Density of abrasive protrusion (Number/mm?)
Fc = Cutting force

vs = Linear velocity of scratching teeth

Ft = Frictional force
Fe = Force of elastic and plastic deformation.

Fa = Disintegration force of exerted by abrasive
points.

K2 = Coefficient of friction based on product’s
properties and abrasive points parameters.

h = Length of removed peel.

¢
§

Ma = coefficient of dynamic friction

degree of unevenness of product surface

density of protrusion of abrasive teeth( mm/s)

FrR = normal reaction force

W1

weight of abrasive teeth (gm)

6 = normal angle between centroidal axis
direction and abrasive teeth line of action

Kz = coefficient that depends on teeth parameters
T = shear strength of product ( tuber)

K4 = disintegration force coefficient of product

Ec = Energy required for peeling at the second
stage

Ks = scratching coefficient of the second stage
N = number of scratches in Number/min

n = n1+ n2=number of abrasive teeth per ball and
drum

wg = angular velocity of revolving system (entire
assembly)

Methods

3.1: Mathematical Model Development
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The essence of the mathematical model is to
predict the actual performance of the various
components of the machine before fabrication and
identify areas of improvement where necessary.
This model is generated to predict energy
consumed at different speeds of machine operation
and identify an optimum speed for energy
consumption and peeling process. For economic
reasons, the energy consumed was of great concern
at the design stage because, three electric motors
were initially considered to produce the three
motions of the machine. It is expected that the
model will be used to optimize the machine
operation and give an insight of an optimum speed
for machine. It is pertinent to note that; the
mathematical model was able to predict the
optimum speeds for the energy consumption at
different stages of the peeling operation.

Assumptions

Peel removal rate is assumed to occur in layers and
in the form of chips.

Peeling removal rate is directly proportional to
applied force.

Angular velocity of the product is the same as the
drum and abrasive balls.

Size and weight of product are assumed to be in
common regular ratio.

The number of abrasive points on each ball is the
same.

The total energy consumed (P7) during the peeling
process by abrasive drum and balls is the sum total
of the power required for cutting and scratching of
the skin. This is given as;

1
PT=H(P1+P2) (1)
Emadi (2005)
3.2: Fracture stage

Energy consumed at the cutting stage is spent on
penetrating the abrasive balls and the drum teeth,
and the skin.

P, =(n,+ nz)wd(Ep + Ed)Ed) (2)

But n, and n, are in a common ratio, thus;

Therefore equation (2) becomes
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Py = (any + ny)wg(Ep + Eg)
= n1(1 + (Zl)wd(Ep + Ep)
=1+ a)nwq(Ep + Ep) (3)

The energy required to penetrate the abrasive
points is given as;

E, = K [(vy +v)t— 8] X (8, + 83) (4)
Therefore; equation (4.82) becomes

E, = k[(2V,)t — 6] X 26,

- 2k [ Vyt- 8, 6, (5)

The average energy spent on deflection is
considered as a cantilever beam deflection,

E, = 3L;62

(¥x6,) (6)
where;
ShearStress,7 = g (7)
F = 2tnd,l,sinb, (8)
But; V=1,
F = 2tnd,l;sinf, - By (9)
t=2 (10)

Considering number of abrasive points

F = 2ndyly sin 8-  Bxyx  [,x2
(11)
K, . mdalasind fyly (12)

&2

Abrasive point protrusion surface is on both sides of
l,as shown in figure 1.

Substituting Eqn. (12) into Eqgn. (8) yields;

E 2-4mdql15in6q ﬁy(vt_gl)xﬁz
p - 5,

= 8 ﬁ]/T[dldz lllz Sln91 (13)
Combining equations (6) and (13) yields
P1= (1+a1) niwgq [8 andldz lllZ T 62 sin 91 +

3EIT8,42
Elroe2 (14)
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The second stage of energy is spent after fracture
of the peel. This energy is required to remove the
peel. The total energy rate is given as;

Ec=F x V, (15)

But, the cutting force according to Dowgiallo (2005)

is;

E, = Ff + Fo+Fy (16)

Using the law of friction, the energy spent due to

friction is;

But;

K, = ¢mlid1B5; (18)
d;

The force required to overcome friction can be
estimated from the relationship below;

Fr=taFe (19)

Fr can be computed from two main forces, namely;
(a) the normal force due to weight of abrasive teeth
and (b) deflection force of the abrasive points.

Fr=Fy + Fg (20)
But; Fy = W;cosf, (21)

Substituting equation (18) and (21) into equation
(19) yields;

3EIT842
L3

Fe = pg(Wicos, + ) (22)

Therefore, the total energy due to friction is given
as;

3EITSs

Er = K;hpiy (Wicost, + L—3) (23)

The force required for elastic and plastic
deformation is also very important at the second
stage of cutting. This force can be determined from
the relationship below;

l; = 2l,cos6, (25)
hence;
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K; = nlyd, B

Therefore, the total elastic and plastic deformation
energy is;

E, = 2tl,d,Bh?*cos6, (27)

Summing equations (23) and (27) yields;

E. = K4hnl1ﬁ[—62(z:”d (W, cos, + 3};:1365) +

2thl,cos6,] (28)

But power required for scratching is given as;

P, = KsE, (29)
Wg

Ks =2 (nN) (30)
wd

Putting n = n1( 1 + q) yields;

Ks =25Nn,(1+ a) (31)
wd

Putting equation (29) into (31) yields;

820hug

P, = Z—Zan(la)K4hnlldlﬁ[ —4 (W cos8, +
2
2255) + 27hl,cos6, | (32)

Recall that the initial energy equation for abrasive
cutting of the surface is;

Pr==(P, +P) (33a)
nEe

nyw
=(1+a)—2

[ . 31,6%
8fyrd d,l1,16,5in60, +

E L
wgNny

Walg

(1

5,0k
+ @)K, hrlyd, B %
| 2

3EIS2
Wicos0, +

L3

+ ZThlzcosel]

Equation (33a) can further be simplified to obtain
Equation (33b) below;
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Pr
(A +a)n
Ne
3EI;62
(35
I3

w,Nn;(1+ «a
+%K4hnlldlﬁ<
d

3E152
+ [E + 2thl,cos6,)

{[wd (8[)’ynd1dzlllzré‘zsin€1

8,phuy

2

<W1 cos6,

If we assume that, the peeling rate is directly
related to the power consumed during the peeling
process, then;

Peeling rate, P, = K¢Pr (34)

3
= K6(1

w
+ al)nl{[n—d (8ﬁynd1d2 l,1,76,sin6,
E

3EI,6%
+— 03

Wg
Wy

Ua 3EIS2
+ a)K,hrl d, B 62¢hd— Wi cos@, +
2

L3

+ ZThlzcosel]}

Considering the equations obtained in this model,
determination of individual parameters describing
the equation will be very difficult. Therefore, the
approach is to rewrite Equation (35) and rearrange
it on the basis of input variables. A review of the
effective parameters regarding the equation
showcase four basic factors, which may serve as
independent variables, these are;

(a) The angular velocity of the shaft, drum and the
abrasive balls ( wq)

(b) Unevenness of the product surface ( ¢)

(c) Abrasive teeth shape and protrusion ( A)

(d) Angular velocity of the revolving assembly (wg)
Hence, Equation (35) can be rewritten as;
P =Cy+ Ciwg + Cawg + C3¢ + C4A (36)

Where; Co, C1, C, C3 and Cs are model coefficients
and are represented as;
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2
wg 3E16%
wgq L3

Co = %(1 + a)n hrlyd, BN (37)
E

C, = :_6 [8(1 — a)n,fymnd,d,l,1,T8,sind; +
E

3EI67
L3 4] (38)
— KaKe ©g
Cp =" 2Ny (1 +
2
Qhnplyd, ‘Sfi’z‘d (Wycos8, + 2522 (39)
C; = %(1 + a,)n, TeBNL d, h? Z—Z (40)
C, = I;“—”hnlldlﬁ[% (2tl,c056,) (41)
E 2

2.2: Input Variables

wg/wd = 0.5, and wq values starts from 20, 30, 40,
50, 60, 80, 100, 120, and 160rpm

ni = No. of teeth per ball = 15, total number of
balls projected =30 - 40

n2/ni= 40, 62 =45% Wi= 240gm

01= 63, y=0.005, B=0.20,N=4, 85 = 0.0001mm

l1 = 10mm, 2 = average length of protrusion,
1.50mm

T = 3.445KPa, d2 = average value = 2.00mm, h
12mm

Material for peeling is galvanised iron. Modulus of
elasticity E = 110 x 103 KN/mm?

52 =63=1.50mm, |=0.7854mm*

Ma =0.174

Results

Based on the mathematical modelling results
obtained from Figures 3 to 20, it is obvious that the
motion of cassava in the chamber remains random
for the different speeds of rotation modelled in this
research. The limit set for each rotation was 100mm
in diameter, and they are modelled for two cycles
of 360° or 2rt radians. In all the different speeds of
rotation from 20rpm to 160rpm in steps of 20rpm,
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no appreciable difference in the motion was
observed.

However, the energy consumed during cutting
shows appreciable difference with 20rpm resulting
in highest consumption rate at 6.0 x 108).
Thereafter, the energy consumed continue to
decrease reaching its minimum value of 1.0 x 108)
at 120rpm. It was also observed that, at
80rpm,100rpm, 140rpm and 160rpm the energy
consumption rate is the same at 1.5 x 108 . The
theoretical results predict better cutting approach
80rpm and 160rpm, but best at 120rpm in terms of
energy consumption. Rate of energy consumption
is a key factor in this design because, it affects the
commercial value of the machine, especially for
industrial mass production processes. The
predicted values shows that the energy
consumption rate of the machine is quite
reasonable for the commercialization of the
machine

Cassava motion at 120 rpm

Cassaia motion

:
Energy consumed at cuting stage (P2)
5 — Power required for scratching ()
‘ ¥ Tol energy consumed durring peelmg p 0cess (PT)

i
—F
-

;

+
§
¢

Energy required for cutting (J3)

N o % 60 T W
Theta (Degree)

Figure 3. Cassava motion at 120rpm Figure 4:
Energy consumption rate during cutting rotation
at 120rpm
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Peeling rate(Pr)
o
7

1 08 -06 04 0.2 o 0.2 0.4 0.6 0.8 1

Total energy consumed durring peeling process(PT) x 10°

+  Peeling rate
Total energy consume: o

3 o 0.5
Energy required for cuting (Ec)

Fig 5: Peeling rate Vs Energy Consumed at 120rpm
Fig 6: Peeling rate Vs Energy required for cutting

Initial size 126 132 138 144 150 156 162 168
174 180

final size162 156 150 144 138 132 126 120 114
108

Cutting force = 16.5000

The values above are machine estimated figures of
cassava sizes, as output values. The program
automatically develop such values based on the
input variables shown in chapter four.

Result for speed at 20rpm

50r
40

30

limit

20

10

Cassava motion

b Energy consumed at cutting stage (P1)
''''''''''' Power required for scratching (P2)
af ‘i{i +  Total energy consumed durring peeling process (°T)
* = « =
= * - -
= -+ + % -
2 2 * + * * Bl
=1 * -+ - *
3 * -+ + -+
5 * -+ + -+
3 ol - = - + 4
4 * * - *
= +* - + * *
: % g t s
? 2r * 4 + 4 l
= * - + -
i * + * *
T F Y F
T %iﬁagt ﬁ%’ﬁdg |
0

400
Theta (Degree)

Figure 7: Random motion of cassava at 20rpm
Fig 8: Energy Consumption Rate of Machine at 20
rpm
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Initial size 126 132 138 144 150 156 162 168
174 180

final size162 156 150 144 138 132 126 120 114
108

Cutting force = 16.5000

Cassava motion at 40 rpm

limit

0 5 10 15 20 25 30 35 40
Cassava motion

Energy consumed at cutting stage (P1)
—— Power required for scratching (P2)

* Total energy consumed durring peeling process (PT)
= = =
£ < £
= T =

= < s
= T =
P 4 P
= % =
= < e
& S =
= = P
s T =
P T &
= % £
s % £
F ¥ F
%ﬁ gﬁf
s
o Too 200 300 s00  eo0 700 oo

200
Theta (Degree)

Figure 9: Cassava Motion at 40rpm Figure

10: Energy consumed During Cutting at 40rpm

Initial size 126 132 138 144 150 156 162 168
174 180

final size162 156 150 144 138 132 126 120 114
108

Cutting force = 16.5000
Cassava motion at 60 rpm

50
40

30

limit

2

10

Energy requird for cutting ()

100 200 300 200 s00
Theta (Degree)

Figure 11: Cassava Motion at 60rpm
Figure 12: Energy Consumed during Cutting at
60rpm
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Initial size 126 132 138 144 150 156 162 168 174
180

final size162 156 150 144 138 132 126 120 114
108

Cutting force = 16.5000

Cassava motion at 80 rpm

50
40
30
£
20
10
0 r L c c c ‘ i
0 5 10 15 20 25 30 35 40 45
Cassava motion
x 10%
1.5 T
b Energy consumed at cutting stage (P1)
—— Power required for scratching (P2)
i R +  Total energy consumed durring peeling process (PT)
= - = =
= * * =
= * = * -+
2 osf * -+ * -+ 4
= = -+ * -+
3 -+ -+ - -+
5 - -+ * +
3 o -+ 4 * + 4
2 -+ * -+ *
g - * * -+
g % : s &
* * -
? 0.5~ * * * * 7
2 * -+ b +
o * = * *
% = % *
a A ‘&g |
i@f &
1.5
o 100 200 300 500 600 700 800

200
Theta (Degree)

Figure 13: Cassava motion at 80rpm
Figure 14: Energy Consumed during Cutting at
80rpm

Initial size 126 132 138 144 150 156 162 168 174
180

final size162 156 150 144 138 132 126 120 114
108

Cutting force = 16.5000

Cassava motion at 100 rpm

50
wl
30
E
201
10
0 : : : : .
0 5 10 15 20 25 30 35
cassava motion
x 10%
a5
b Energy consumed at cutting stage (P1)
— Powor required for Soratehing (52
N + otaronargy consumod durring paeling process (©T)
k4 = = =
= - = - -+
= < s % s
Z os % £ < £ ]
£ < s T P
s < P T z
2 T s e =
R = % P ,
£ - g -+ -
s - — = = &
g T Z < Py
g < & L =
g -os- = - = - B
g < £ T £
. s & x =
F F
s
I Shoeto 7o mto

Figure 15: Cassava Motion at 100rpm Figure

16: Energy Consumed during Cutting at 100rpm
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Initial size 126 132 138 144 150 156 162 168
174 180

final size162 156 150 144 138 132 126 120 114
108

Cutting force = 16.5000

Cassava motion at 140 rpm

0 5 10 15 20 2% 30 3% 40 45
cassava motion

1 Energy consumed at cutting stage (P1)
——— Power required for scratching (P2)
Y *  Total energy consumed durring peeling process (PT)
= + %
* * *
-

o

#

0.5 *
-
-
=
ol +
-
+
<
051 b

3 '
T d

afb % £ if i

o 100 200 300 400

Theta (Degree)

Energy required for cutting (J)

-1.5

Figure 17: Cassava Motion at 140 rpm

Figure 18: Energy Consumed during Cutting at
140rpm

Cassava motion at 160 rpm
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cassava motion
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——— Power required for scratching (P2)
[ *  Total energy consumed durring peeling process (PT) |
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*
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+
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Energy required for cutting (J)
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e e
* e
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Figure. 19. Cassava motion at 160 rpm Figure
20: Energy Consumed during Cutting at 160rpm
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Initial size 126 132 138 144 150 156 162 168
174 180

final size162 156 150 144 138 132 126 120 114
108

Cutting force = 16.5000

Discussion

The essence of predicting the energy consumption
is to ensure that the consumption of energy in the
actual machine is at the minimum considering the
fact that between 2-3 electric motors are required
to drive the machine. However, this result has
enables us to modify the construction to save
energy, but still maintaining the three motions of
rotation, revolution and rocking of the peeler drum.
The effort in the mathematical modelling has also
predicted values of cutting force and range of
energy to operate the machine for maximum
results. When these values were inputted into the
actual construction, reasonable level of certainty
was achieved. Results from the MATLAB code
modelling of the energy consumed during cutting
and scratching of the cassava surface indicates that
the optimal values ranges from 80 — 160rpm as
shown in Figure 21 The lowest energy consumption
as predicted by the codes coincides with 120rpm.

The cutting force which is between 6.50N to
15.00N, varies considerably as predicted by the
code. This agrees with observations during
experimentation, as initial peeling rate is low while
the machine tries to pick up momentum for
effective peeling of cassava tubers. Once the
rotation becomes steady lesser time is used in
peeling the cassava. Off course energy is require at
the initial stage to overcome friction and dead load
resistance. Energy consumption is highest at lower
speeds as predicted by the modelling results. From
Figure 20, the highest energy value was obtained
20rpm which is the lowest speed tested with the
mathematical modelling. A value of 6.0x10% J was
predicted for 20rpm, but at 40rpm the value is
halved that predicted for 20rpm and the value
continues to decrease to 1.0 x 108) at 120rpm,and
then begin to rise again. The prediction has clearly
demonstrated that operating the machine at values

below 80rpm and above 160rpm are not

economical and are counterproductive as regard
energy consumption.

276



Journal of Harbin Engineering University
ISSN: 1006-7043

Cutting Energy

7
356 .
o
=5
% 4
(0]
S 3 o
[eT]
£2 -
= - - - -
O 1 ¥

0

0 50 100 150 200

Motor Speed, rpm

Figure 21: Energy Consumption during Cutting
against the Cutting Speed.

From the mathematical modelling result as shown
in figure 3 to 20 and the summary of energy
consumption against speed plot in Figure 21, it can
be deduced that, the energy consumption is lowest
at 100rpm with optional values between 80rpm to
120rpm but, the cassava tuber motions as shown
from Figures 4, 12, 14, 16 and 18 indicate a more
uniform rotation as against lower speeds of 20, 40
and 60rpm as shown in Figures 7, 9 and 11. Figures
from the lower speed show rising and falling
pattern of tuber motion in addiction to rotation as
against the higher speeds which indicate rotation
without rising and falling.

The evaluation values show that, lower speeds
recorded higher peeling efficiency than the higher
values, this result agrees with experimentation on
friction test, which recorded high peeling rate as
the tuber slides along the inclined planes. It can be
deduced that the more sliding action takes place at
lower speeds which increase frictional contact
within the peeling drum and the tubers to effect
peeling

CONCLUSION

Mechanical peeling of cassava tubers using abrasive
drum and balls with some gyroscopic motion effect
was modelled and simulated for different speeds of
drum rotation and revolution. The results show
remarkable difference in the curves at various
speeds, optimal energy consumption rate is 1.0 x
108) at 120rpm of drum speed. The relationship
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show a near Fourier model motion at all stages of
peeling. Initial peeling rate consumed more energy
than higher speeds of rotation, with more uniform
tuber motion as shown in the curves above.
Experimental values give better peeling rate at
lower speeds, which are more of random motion in
the curves are above.
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