American Journal of Science and Technology

2014; 1(4): 206-212

Published online September 30, 2014 (http://wwveidasg/journal/ajst)

American Association for
Science and Technology

AASCIT/

American Journal of

Science and Technology

Keywords
Dehulling,
Machine,
Shells,
Rubber,
Seed,

Chaffs

Received: August 29, 2014
Revised: September 11, 2014
Accepted: September 12, 2014

Design of dehulling machine for
rubber seed processing

Emmanuel Fagbemi® ", Patrick Ayeke', Patrick Chimekwene',
Philip Akpaka’, Baldwin Omonigho?

Research Operation Department, Rubber Research tegitiNigeria, Benin City, Edo State,
Nigeria
2AWork and Services, Rubber Research Institute of NigBenin City, Edo State, Nigeria

Email address
trikoayeke@yahoo.com (P. Ayeke), patl4life@yaham.¢B. Chimekwene),
philipview05@yahoo.com (P. Akpaka), emmanuelfagi@gahoo.com (E. Fagbemi)

Citation

Emmanuel Fagbemi, Patrick Ayeke, Patrick Chimekwéndljp Akpaka, Baldwin Omonigho.
Design of Dehulling Machine for Rubber Seed Procgssgimerican Journal of Science and
Technology. Vol. 1, No. 4, 2014, pp. 206-212.

Abstract

The designed Dehulling Machine is a machine usecktaoves shells from rubber
seeds and as well separates the foreign materats the rubber seed kernels. The
Dehulling Machine for rubber seed processing is greg by Electric Motor, the
Electric Motor drives the Shaft for dehulling optma and the blower/Fan Shaft, the
Total Power required is 70KW. The Transmission &ystonsists of arrangement of
driven and driving Pulleys, Belt, and Shafts witkaBings. The diammeter of the
driven and driving pulleys for the dehulling opératis 70 mm and 330 mm
respectively and V-belt of 1.2 m long. The bloweshdriven and driving pulley
diammeter of 63 mm and 130 mm respectively and IV-be761 mm long. The
Dehulling Mechanisms include: Dehulling Shaft tlemcommodates the Dehulling
Stone of diammeter 300 mm and thickness 80 mm.SHadt is supported by bearing
and the driven by driving pulley mounted on thetredemotor. The chaffs and the
kernels collector is designed such that the kerfleémvier) fall freely while the
chaffs and other foreign materials are blown ofieTblower has fan duty of 1°=
and made of the blades Support (length = 20 mmathre 10 mm, thickness = 10
mm, no = 12), Blade (length =100 mm, breath = 60, tinMickness = 0.5 mm, no of
blade = 6) and Blower Cylinder. The main frame iad@ of mild-steel and it
accommodates all other members of the machine.

1. Introduction

Natural rubber is an economic tree crop in Nigand has diversity of uses which
include provision of raw materials for agro-basewluistries, foreign exchange
earning and offers employment to a sizeable seguietite Nigerian farming rural
population [1]. The usage of rubber is related t® property. The predominant
property of solid rubber is its elastic behaviourdeformation by compression or
tension. The tyre industry is the major consumanraifiral rubber. It is well suited for
the manufacture of tyre especially radial, heavty dund high-speed tyres because of
its dynamic qualities such as good tear strengthlaw heat build up. Beyond the
use of rubber for manufacture of tyres, rubbersisdufor the manufacture of specific
products such as flexible oil resistance pipeliioeoffshore oil fields, inner tubes of
tyres, footwear, bridge pad and building foundafiorEarthquake prone areas. The
latex concentrate is used for the production opehmunderlay, adhesives, foam,
balloons, condoms, and medical accessories sugloeess and catheters. Rubber
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wood is used for furnitu.re, particleboards and [2g3].
The rubber seed weight is between 3.5-6.0 g, dvisd
in shape with the ventral surface slightly flatténdhe
average sizes of rubber seed is 15.2 mm longitlidiaad
2.0 mm transversely. The seed coat (husk) is haddshiny,
brown or grey to brown with numerous darker mottes
streaks on the dorsal surfaces, but few or nonehen
ventral side [4 The average weight of the drieddsie
about 4.5 g, the kernel of the rubber seed is ryuggif the
weight of the total seed [5]. Rubber plant growsdbout 4
— 5 years before it starts to flower. In Nigeriaviering is
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lower power consumption with relatively low costher

machine components and system mechanism congisé of

following:
Feeding Hopper
This serves as the inlet of the machine, it isdzad in

shape, and accommodates the whole seeds from wiech

kernels is to be removed.

Shaft

Shaft is a transmission element for dehulling op@naas
well as the blowing operation, the first shaftas diehulling
operation that rotates the dehulling stone andstéwond

once between February and March, while in Malaysiahaft carries the fan blade of the dehuller blower.

flowering is twice a year between March and Aprilda

Blowing/Cleaning Unit (Fan)

between August and September [6]. Rubber fruit slrop This cleans/separates the dehulled rubber seeelkém

naturally when matured and dehisces to releases sel@idh
are then picked by hand from the plantation flamruse as
seedlings which are later grafted with scions agrawved
planting materials or for processing into rubbeedkseil.
Rubber seed oil and cake are extracted from thieerufeed
after processing. The oil is a semi drying oil thahtain

removing the shells and other foreign materialdloying
stream of air across the mass of dehulled seedoted
plant materials. The considerations for effectiwsign of
the blowing unit are to determine the appropriatieime of
air and the discharge rate.

Main Frame

29% saturated, 23% oleic, 32.5% linoleic and 22.5% The main frame is the main body of the machine

linolenic, the oil is used in production of putthair
shampoo and also used as industrial oil (raw nasgrto
replace linseed oil. The rubber seed is also usethé

application in the paint and leather industry. Rertore,
rubber seed cake extracted from rubber seedsuaal in
livestock feeds [2]. The cake contains tolerablartiies

which the other members are rested.
Pulley and Transmission Belt

on

The pulley and belt are transmission system through
manufacture of putty and alkyds resins, which findvhich shafts is coupled to the electric motor.

Foreign Materials/ Chaffs Outlets

Foreign materials and chaffs are blown through the

foreign materials/chaffs outlets. The outlet islimed to

of cyanogeni glucoride and can be used as livestocdlow the seed to slide back directly below the uidhg

concentrate after drying and toasting [7]. Nigdwa a total
of about 247,100 hectares of land under rubbeivetibn
and it is estimated to yield a total éB,000 tonnes of
rubber seeds which if properly harnessed will adilie to

unit housing, while the foreign materials and chadie
blown off. The blown off chaffs are collected aé thutlets
of inclined tray and the kernels are collectedhat hottom
outlets.

the downstreansector of the rubber industry in the areas Dehulling Chamber/Dehulling Sone Housing

employment generation for seed collection and @sicg.

This is where the dehulling operation takes plaog i

Research has shown that these seeds are useftkein d&ccommodates the dehulling stone.

manufacture of valuable consumers’ goods as mesioih
is however
processing is devised by users and the urgent foeettie
fabrication of dehulling machine to avoid coloskas in
the processing process.

In rubber seed processing, the seeds and the kearel
crushed and processed together for extraction bbeu
seed oil and cake. The research has been showmthat
oil is recovered when only the kernels are proakdsethis
study the prospect of the use of dehulling machén&
remove the seed coat/outer shell of seeds (nws)getc).
The designed machine aids the rubber seed oil eegdoy
processing only the kernels and also saves timesaadyy
as it dehusks and as well separates the shellthierkernel
which has been done by hand picking before.

2. Machine Conception

Operation of the Machine

regrettable the crude methods of seed The rubber seeds to be dehulled are feed intodppdr;

the dehulling point is located between the dehgltone
and the housing. Due to the pressure exerted brotaéng
dehulling stone, the rubber seed kernels are segphfimm
the seed and collected at the bottom along withstiedls.
The shells or husks are separated from the kermgls
means of blower.
collected at the bottom outlets.

The efficiency of the operation of the dehullinganize
depends on: physical properties of the rubber segdbsize,
shape, hardness, e.t.c., the feed rate of the ehdhg
dehulling speed and effectiveness of the dehukindace
in the dehulling chamber and the volume of effextir to
blow the chaffs and other consideration, whichudel the
moisture content.

3. Material Selection

The dehulling machine in view is to dehusk and

separates the rubber seeds at an appreciableeeffici

Belt a and pulley

The cleaned kernels are therefore
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The selection of v-belt is based upon obtainingrg| Blade
and free life. The selection is also hinged orefticiency.
In general, efficiency of v-belt ranges from 70 980 %.
Therefore, this type of belt is chosen with theldiaing

Length = 100mm = .1m Breath = 60mm =
0.06m ,Thickness = 0.5mm = 0.0005m,
Number of Blades =6, Fan Duty = 1m3/s

dimensions.
w = 20mm = 0.02m, h = 11mm = 0.011m, The assumed value_s a_re selected fo_r better cotistruc
the pitch width(p) = 17mm = 0.017. to meet up with the objectives of the project.

The required speed for v-belt is 4000rpm. If thit hens ~ 3-2- Design Calculation
faster than 5000rpm or much slower than 1000rpmbieo
may be encountered [Joseph et al, 1983]. Also the
minimum recommended pitch diametéy ) =125mm

First Set of Pulley _ _ L = E(dz +d)+2x+ (d2—dy)? [10]

The first set of pulley is the electric motor anah f 2 4x
(blower) pulleys

Belt Design
Length of the belt

Wherex = centre of the sheaves: %(d2 +d,)+d, [8]

[Ny = 1000rpm — selected, N, = 2050rpm [1] First Set of Pulley ;( Blower and Motor Pulley)

, (N1dq)
Assumption = d, = 130mm, d; = —— ,d, = 63mm] [d, = 130mm = 0.14m, d, = 63mm = 0.06m, x =

=,
’ 0.2265m,1; L, = 0.7611m

Second Set of Pulley _

This set of pulley is for electric motor and Second Set of Pulleys: (dehulling pulley and the motor

shelling/dehulling stone pulley. pulley)
[ d3 = N4_d4’ N3 = Nl = 1000rpm, [d4, = 0333m, d3 = 007m, X = 027m]
d; = 70mm(assumed), d, = (N;]:S) N, = 210rpm. L, = 1.2m

Duraism and Manian, 1990 o
[Duraism and Manian, ] Tension in the Belt

The pulley of steel material is selected due tatitsngth. T

The density of mild steel 7840 kg/m3 [10] 7, = ¢ [Ty = tension in the tight side(N)[3],
Shafts
Due to the strength, toughness, reliability onstasice to T, = tension in the slack side(N)a =

shock and repeated loading, steel material is welefor ~wrap angle on the smaller pulley,
the shaft to accommodate the loads that would Ipadted ¢ = coefficient of friction.]
on it. The parameters to be considered on shafigmes
calculation include; maximum allowable stress foafs (o), ay Py Ty
maximum shear stresg)( density of steel (), combine
shock and fatigue factor as applied to torsiky),(combine
shock and fatigue factor as applied to bending [10].

Dehulling Stone

Dehulling stone is made from metal sheet, parameter
considered in selecting dehulling stone includeisity (p), Diagram. 1
ultimate tensile strengf1].

. —1,R-

The thickness of the metal she2ts, the diameter of [, = (180 — 2); 180 — 2sin™" (=), a; =
dehulling stone=300mm , allowances between the (180 — 2); 180 — 2 Sin—l(E)]
dehulling stone and narking surfae@ lmm wrt average ¢
size of rubber seed. a. First Set of Pulleys
3.1. Fan [R=65mm, r =31.5mm, ¢ =226.5mm ]

[Cylinder diameter 30mm = 0.03m, Cylinder length B = sin~? (R-1) , B =851°, « = 162.98°

120mm = 0.12m] ¢

Blade Support Power in the Belt is given by:

Length= 20mm = 0.02m, Breath = 10mm = 0.01m, p ="y = 05kw [12]

Thickness = 10mm = 0.01m Number of Support =
12 Belt Speed
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md,N
= =68M
v 60 /s.
Therefore; — T, = S22 = 73.42N

Torque Developed is given by:
dp
T, = (T, — TZ)7 =2.31Nm
b. Second et Pulleys

®-7) [R = 166.5mm, r = 35mm, x =

X
271.5mm,]

sinf =

B =2897%a =122.06°

Tension in the both Sets of Pulley
First Set of Pulleys

[ @ inradian = 162.98 x — = 2.84rad]
180

Ty

— 0.52%x2.83 _
o= e Ty =T, X 4.4,

_ TV
1000 ’

Px1000
T2 =
3.4xV

,=21.63N and T; = 95.172N.
Torqueis given by:
Tp = M, = (T, = T,) 2 [10]
=12.24Nm
Second Set of pulleys
[@ in radian = 122.06 X — = 2.13rad, ]

T. T _T)V
L= @i = g052x213 p _ (T1-T2)

T2 1000

_ Px1000

T, = T, x3.03, T, =22

T, = 42.82N

= 14.13N

For Transmission Shafts, maximum permissible waykin
stress in tension and compression)(is 112Mpa and

maximum permissible shear stresy i€ 56 Mpa [11].
The Dynamic Loads on the Shaft
Pulley

nwdi

Cross voluméw,) of pulley= —=174x% 1073m3 [9]

Volume of the groove on the pulley,)
= belt cross sectional area x diameter
=d, XxwXxhxm =230x10"*m3

Net volume of pulley:

Vnet = VeV = 15.1 X 10™*m?
Force exerted by the Pullgy,)
= weight of the pulley acting on the shaft
= density(p) X volume (V) X g
=116.13N
Dehulling Sone
Volume of Dehulling Stone- w121 [9]

[r = dehulling stone radius = 0.15m, [ =
dehulling stone thickness = 0.08m volume =
0.0057m3]

Weight of the Stone p x vol X g = 434.97N

Weight of the Rubber Seeds

The average weight of rubber seed (dried) is aBdt
[13].

The Capacity of the Designed Hopper

(ab+b? tan 6)c ((150><250)+2502 tan 29)150
2 - 2

=8.2x1073m3

b 250
—=c0s0, e=—=10.286m.
e cos 6

Gravimetric Capacity of the Hopper

The gravimetric capacity of the hopper is an ediéma
from the weight of the seeds that will be restimgthe
hopper.

mass

Density p) =

volume

mass= volume X density(Density of Rubber
Seed=548.8g/m3)

Gravitational Capacity mass = volumetric capacity x
density of rubber seed.

Volume of Rubber Seed
= volume that will occupy the hopper

= volume of the hopper =82 x 1073m3. [m =
4.5g (dried seed)] [10]

Mass= volume x density = 8.2 x 1073 X p,
Total Weight of Rubber Seed in the Hopper
=ma = (4.5 x 9.81)N = 44.15N [10]

Rupture Force
Rupture force refers to the hardness of the nubbed
shell, tested and found to Be&1N [http/polymerweb.com].

Total Weight on the Dehulling Shaft:
=44.15+ 43497 + 116.13 + 0.61 = 595.86N
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3.3. General Force Representations

Fy F Fs
l l l 180mim »
A
— ] -« >
150mm Ry 250mm 372mm Rp

Figure 1. \ertical load consideration
[F, = 116.13N, F, = 434.97N, F; = 44.76N]
Taking moment about B
R, = 417.23N
Total upward forces = total downward force
Rp = 178.63N

Table 1. Shear Force and the Bending Moment for \ertical Loading
Consideration.

. Shear Force  Bending
SIN  Forces(N) Point(m) N) Moment (Nm)
1 116.13 0 -116.13 0
2 434.17 400 fromA 301.1 -17.42
3 44.76 180 from B -133.8 57.86
4 417.2 150 fromA -178.63 32.16
5 178.65 0 0 0

Source: Data Analysis

Horizontal Loading Consideration

Horizotal loading is produced due to the pull (ien} of
the belt on the pulley against the shaft and fagainst the
rupture force of the seeds [13]

Tension=T, + T, = F, = 116.802N ( calculated)
Fy = force against the rupture force = 44.76N
FI Fy

3
“150mm Rf 622mm

2
180mm R},

Figure 2. Horizontal Loading Consideration
Taking Moment About D:
R; = 148.69N
Downward Forces = Upward Forces:
R, = 12.87N

Table 2. shear force and the bending moment for Horizontal Loading
Consideration

. Shear Bending
SIN  Forces(N) Point(m) Force (N) Moment (Nm)
1 116.802 150 from C  -116.80 0
2 44.67 180 from D  31.89 -17.-52
3 148.61 150 from C  -12.87 2.32
4 12.87 0 0 0

Source: Data analysis
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Max. Vertical Bending Momen¥, = 57.86Nm
Max. Horizontal Bending Momeritf, = —17.52Nm
1
Max. Bending MomenM,, = [M§ + M3]z = 60.45Nm
Shaft Diameter

3 _ 16 2 2 2
d -n—ssJ[(Kbe) + (K:Mp)?]

[K; = 1.75 selected, K;, = 1.45 = selected, S, =Shear
Stress (constant) 45MPa [10]

Diameter (d) of dehulling Shafid = 21.5mm
d of 30mm is selected for safety, factor of safety

=32 —14
21.5

3.4. Fan Design

Centrifugal fan type is selected for this designrkvo
because it is relatively inexpensive and self dlegfiL0].

3.4.1. Fan Shaft Design

Weights acting on the fan shaft are: weight of rojdir
holding the blade support, weight of the blade supp
weight of the pulley and weight of the blade

Weight of the Pulley

nd%w

Gross Volume of Pulleygv,) =

1075m3

= 7.6979 x

Volume of Groove on the Pulldy, )
=belt cross sectional argarnd; = %(w + p)hnd,

=447 x 1075m3,p = 0.07m, w = 0.02m, h = 0.011m

Net vol. of pulley= (7.698 — 4.47) x 1073 = 3.23 X
107°m3

Weight of pulley = densitywolumex g = 2.48N
Weight of Cylinder (w,)

Volume of cylinder= 2l = 8.48 x 1073m? (r =
0.015m, [ = 0.12m)

w, = vol.X density X 9.81 = 6.52N
Weight of Blade Support (w;)
w, = length X breath X thickness X density x 9.81
X no of blade supports
=0.02 x 0.01 x 0.01 x 7840 x 9.81 x 12 = 1.85N
Weight of Blades (w,,)
w, = length X breath X thickness X density x 9.81

X no of blades

= 0.1 X 0.06 x 0.0005 x 6 x 7840 x 9.81 = 1.380N
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Total Weight on the Fan Shaft (W;) this dehulling machine saves time, energy and odst

Wy = wp + we + wg + wy, = 12.23N.
Diammeter of Fan Shaft selected is 30mm [14]
3.5. Power Required

Total power required power to drive the stone power
to drive the fan (Blower) [11]

Fp=Fp+Fg, (Pp=FpV =Fpw);w= 2618724/, ]

w
Fr=—w? = Fy = 304KN.

Fe = mw? =304 KN (m = 4.944 k,)

Fr = . (Fe + 0.61) = 145 KN
((u = 0.477 (selected))
FD = FF - FR = 15.9KN

P, =FpV = Fyor. (@ = 26.1822%,

sec

r = radius of pulley = 166.5mm .)

p, = 69.30KW
For the Blower;

(Ps%xQ)
power= —=-= [6]

Q =Fan duty(ﬁ = 1m3/sec), Ps = static pressute
sec
500pa

_ (1x500)

= 666.6W
0.75

Total power required
P, +P
= 69.30 + 0.6666 = 70KW (94hP)

Blower (rpm) =

sheaves diameter of the motor

motor rpm X = 3,095rpm

sheaves diameter of the fan

4. Conclusion

From the outcome of the design, the dehulling mehi

for rubber seed processing is used to remove sfrelis

the rubber seed and as well separates chaffs/simellsther

foreign materials from the kernels.

The machine is designed such that, it can be easily]

fabricated and maintained with simplicity of opé&at

The machine can be conveniently used by naturddeub

farmers to aid/enhances value of natural rubbedymts in

economic development. The rubber seeds kernels 43

removed manually by beating before, the introdurctod

production.

Therefore, the components are strong, the matesias
readily available and well selected, and the desigmorks
is best for fabrication method of production of thedel.

o

DEHULLING MACHINE FOR RUBBER SEED PROCESSING.

M = Chaffs and Foreign Material Outlet

L = Kernels Outlet

K = Fan Blade

J = The Blower/Fan

| = Machine Frame/Stand

H = Dehulling Chamber

G = Dehulling Stone

F = Dehulling Surface

E = Motor Stand

D = Transmission Belt (Blowing Operation)
C = Transmission Belt (Dehulling Operation)
B = Dehulling Shaft

A =The Hopper

Nomenclature

h  Betheight (m) .

w  belt width (m).

P groove pitch width

d, pitch diammeter of driving pulley for fan.

d,  pitch diammeter of driven pulley for fan.

N,  speedinrevolution per minute.

pitch diammeter of the driving pulley dehulling

d3
stone.
d pitch diamemmeter of the driven pulley for
4 dehulling stone.
x  Centre of the sheaves
L,  lenght of the blower belt (m)
L, lenght of the dehulling stone belt (m)
T, tension in the tight side(N),
T, tensionin the dack side (N)

a  wrap angle on the smaller pulley
U coef ficient of friction.]

p power in the belt (W)

T, belt torque (Nm),

v belt speed/s)

<
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