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Abstract: Jatropha curcas L. has been propagated as a potential source for bio-fuel production in the wake
of the world energy crisis. Before the oil extraction from Jatropha seeds, its shelling process is very important
and essential. The lack of specialized technology and equipment hindered the development of Jatropha industry
and production. This study presents the design, development and evaluation of a small scale Jatropha seeds
shelling machine for bio-fuel production in rural areas. Engineering properties for both Jatropha seeds and
kernel were studied and evaluated. The Jatropha seeds had average geometric mean diameter, sphericity,
crushing force, length, width and thickness of 12.23 mm, 65.79%, 113.99 N.m, 18.59 mm, 11.36 mm and 8.67 mm,
respectively. While Jatropha kernel had average length, width and thickness of 8.59 mm, 11.36 mm and 8.67mm,
respectively.  The developed  machine  consisted  of  hopper,  frame,  drum,  fan, kernels and shells delivery.
The machine was powered with a 1.0 hp motor and had an overall length of 1100 mm, a height of 1150 mm and
a width of 450 mm. Results of the developed shelling machine showed mean values of cleaning efficiency,
shelling capacity, shelling percentage and whole seed percentage of 97.05%, 141.78 kg h , 46.33% and 48.76%,1

respectively; while, the shelling efficiency was 100%.
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INTRODUCTION is from micro algae. In poor countries, an ad-hoc basis is

The world’s population consumes more oil than any bio-fuel to be only made from non-edible vegetable oil [2].
other  single energy source. Rising prices, concerns about Jatropha curcas L., commonly called physic nut or
energy security and global warming impacts have sparked purging nut, is a draught-resistant plant belonging to the
worldwide efforts to replace oil rapidly with alternative tribe Joannesieae in the family Euphorbiaceae. It is grown
energy sources. In particular, Bio-diesel is renewable in many countries in the tropical and sub-tropical regions
hydrocarbon energy source and a clean-burning fuel, of the globe. The plant can be successfully cultivated
currently produced from grease, vegetable oils, or animal both  under  irrigated  and  rain-fed  conditions. It is a
fats. They can contribute negatively to the multi-purpose plant with all the parts being useful for a
environmentally and friendly fuel, threat from exhaust wide range of products as described by many researchers
emissions [1]. [3].

Bio-fuels developments progress can  be  classify Mohammed [4] mentioned that freshly harvested
into three generations. The first type is from the edible Jatropha  dried  fruit  contains  about  35-40%  shell and
crops, like starch, sugar and vegetable oil, which face 60-65%  seed  (by  weight).  It  has  nearly 400-425 fruits
competition as  foodstuff.  The  second  type  is  from per kg, 1580-1600 seed per kg weight and the weight of
non-edible such as Jatropha curcas L and Castor seed, 100 seeds is about 63 g. Jatropha shells are available after
which are suitable for bio-fuels. The third type of bio-fuel de-shelling  of  the  Jatropha  fruit;   while,   Jatropha  seed

the  rise  in  prices  of  vegetable oils; consequently led
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husks are available after  decortications  of  Jatropha cylinder and transmission system; and it was powered by
seeds for oil extraction. Seed contains about 40-42% husk 1 kW variable speed electric motor with a feasibility of
(hull) and 58-60% kernels; the kernels oil content is about manual operation. The performance evaluation of their
50%. If the oil is extracted by solvent method, the oil developed machined indicated that a clearance of 6 mm
recovery is more than 95%. But in mechanical expeller, the and a roller speed of 750 rpm showed acceptable quality
oil recovery is about 85%. of shelled kernels. Ibrahim et al. [7] modified a corn

Three kilos of seeds can produce about 1 liter of oil. shelling machine for shelling green pea. Their experimental
The NIIR Board of Consultants and Engineers reported results revealed that the modified machine can be used
that Jatropha seeds contain 6.62% moisture, 18.2% successfully for shelling green pea at a drum speed of
protein, 38% fat, 17.3% carbohydrates, 15.5% fiber, 4.5% between 620 to 710 rpm at grain moisture ranging between
ash;  and  the oil contains 21% unsaturated fatty acids. 66.4 to 69.8% and at a feed rate ranging between 300 to
The Mechanical oil extraction produces press cake 360 kg h . Also, the maximum shelling efficiency of a
constituting 6% Nitrogen, 75% Phosphorus and 0.94% groundnut   Sheller    developed   and   evaluated by
Potassium, used like chicken manure as organic fertilizer. Atiku et al. [8] was about 80%.
An application of 1 ton press cake is equivalent to 200 kg Utilization of renewable sources of energy available
of mineral fertilizer (NPK 12:24:12). In the light of the in Sudan is a major issue in the future energy strategic as
spiraling fuel increases, development of fuel energy alternative to the conventional energy fossil. The Sudan
resources to supply the needs of industries is needed [5]. has a long history in renewable energy utilization like
The production of soap and candle requires the use of many other African Countries and it is distinguished by
seed extract as raw material. The leaves and bark on the its fertile land, heavy rains and the availability of water
other hand, become ingredients of other various industrial resources. Although the utilized capacities are low
and pharmaceutical purposes. The roots, flowers and latex (ranging between 20-30%) [9], extraction of biodiesel from
of the plant serve as herbal medicine. A presser-expeller Jatropha in Sudan was newly introduced, but it is facing
can easily extract oil from the Jatropha nut. About 25-30% some problems such as the disappearance of the
of the Jatropha seed composed the oil, while oil is 50-60% appropriate laboratory equipment. Although, number of
of the kernel [6]. uses of Jatropha curcas oil has been realized, pertinent

There are some problems facing the researchers in the engineering properties data on extraction, equipment
process of whole Jatropha seed due difficulty in pressing design and process predictions are lacking. Therefore, the
hard shell. Mohammed [4] reported that the average objective of this study was to develop and evaluate
extraction of oil content of the whole seed, kernel and machine for shelling Jatropha seeds.
shell are 35.13, 55.38 and 1.4%, respectively; that means
there is about 20.25% loss in oil content between whole MATERIALS AND METHODS
seed and kernel, so that requires the design and
development of the appropriate Jatropha seeds shelling The fabrication of the shelling machine was carried
machine for bio-fuel production. out in a local machine shop. The physical properties of

Currently, there is no specialized mechanical means Jatropha seeds and kernels were carried out in
of husking and shelling Jatropha curcas fruit and seeds to laboratories of the Faculty of Engineering, University of
obtain the seed kernels. In order to acquire a mechanical Blue Nile. While, evaluation and adjustments of the
method of husking and shelling Jatropha that will be developed machines were carried at laboratories of the
faster and involve less labour, the physical and Department of Agricultural Engineering of the Faculty of
mechanical properties of the material to be handled need Engineering, University of Khartoum. 
to be considered. Mechanical means of husking and
shelling Jatropha curcas seeds, for the biofuel production Physical and Mechanical Properties of Jatropha Seeds 
sector, are necessary to enhance mass production of the Moisture Content and Sample Selection: Air dried
oil at a faster and easier rate with a higher recovery Jatropha seeds were first cleaned manually to remove all
percentage; hence, appropriate husking and shelling need foreign matters. Samples of 100 Jatropha seeds were
to be developed [3]. randomly picked and used for the determination of

Ting et al. [5] designed and fabricated Jatropha moisture content by oven drying the samples at 105±1°C
Sheller consisting of mainframe, rotary cylinder, stationary for 24 hours, using Equation (1), [10].
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(1)

where: M  = moisture content (d.b.), %; M  = the initialc i

mass of the sample seeds, kg; M  = the final mass of thef

sample seeds after drying, kg.

Sizes and Shape: In order to determine the size and shape
of the seeds, a sample of 100 seeds was randomly picked
from each level of moisture content. A Vernier, with
accuracy of 0.01 mm, was used to measure the dimensions Fig. 1: 3D drawing of the proposed Jatropha shelling
of seeds (i.e. length, width and thickness). The Jatropha machine
has an oval shape with a major axis significantly greater
than the intermediate axis. The size and shape of Jatropha Materials of adequate strength and stability were
seeds were determined in terms of equivalent diameter used for fabrication (i.e. Mild steel Aluminum for the
(D ) and sphericity (Ø) using the relationships given by pulley).g

Mohsenin [11]. The machine was designed to have a maximum

machine could be affordable for small scale farmers
(2) and micro-industries.

where:  D =  Geometric Mean Diameter, mm; a = length the fabrication of the components. Consideration wasg

(i.e. dimension of the longest axis), mm; b = width given to the cost of items and materials for
(dimension perpendicular to the longest axis), mm; and c fabrication with the ultimate aim of utilizing the
= thickness (dimension perpendicular to both length and cheapest available materials, yet satisfying all
width, mm. The sphericity is given by Equation (3). strength requirement

(3) Design of Shelling Machine Components: The developed

General Description of the Shelling Machine: The trough through which the Jatropha sheaves are fed into
proposed machine was conceived as a low-cost, easy-to- the shelling machine, (ii) shelling unit which consists of a
adjust and easy to develop for removing shells from drum and a concave for the shelling operation, (iii) the
Jatropha seeds. It consists of frame, hopper, shelling unit, cleaning unit which consists of a belt and pulleys to
concave, fan, kernels discharge outlet and shells transmit the motor power. The shelling machine main
discharge outlet. The conical shaped hopper is mounted frame, on which other parts of the Sheller are mounted, is
on the frame and held in place by a hopper support frame. made of angular mild steel and the drum is made of
The shelling unit consists of a semi-circular concave and galvanized metal. The developed machine was powered
rotating blades mounted on a shaft. The discharge outlet with 1 hp electric motor as a prime mover that supplied
is  the  point  where  the  seeds  and shells from the power to the Sheller through belt drive. The shelling is
shelling unit are collected and moved to the cleaning unit. achieved by shelling bars on the drum by both rubbing
The cleaning unit consist of a fan (28 mm x 30 mm x 60 mm and beating against a stationary concave plate. The clean
with 4 plates) to separate seeds and shells. The frame is kernels are obtained by the blower action which blows of
the mounting support for all the components of the the shells and other debris. Figure 2 illustrate the
machine. The three dimensional (3D) drawing of the developed Sheller.
proposed machine is depicted in Fig. 1.

Design Considerations: The mechanics of Jatropha To calculate the minimum energy required for a given
shelling seeds include compression, shearing and impact. reduction process, the utilized theory depends upon the
The developed machine utilizes the principle of shearing basic assumption that the energy required to produce a
force. The following factors were considered in the design change dL in a particle of a typical size dimension L is a
of the Jatropha shelling machine. simple power function of L [12]:

capacity of 150 kg h  of Jatropha seeds, so that the1

The materials that are available locally were used in

machine has the following main component: (i) the feed

Determination of Energy Needed to Shell Jatropha Seeds:
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Fig. 2: Elevation and side view of the proposed Jatropha is H  = 0.298 kW (0.4 hp).
shelling machine

1: Concave, 2: Fan, 3: Motor, 4: Sheller unit, 5: Hopper and Determination of Power Required for Driving the Fan:
6: Shells dischrage. The power imparted by the fan impeller (H ) is given by

(4)

where: dE = differential energy required; dL = change in a
typical dimension; L = the magnitude of a typical length; where: P  = the rise in total pressure across the fan, kPa;
K and n = constants. Q = the volume flow, m s .

Based on Kick’s Law, the energy required to reduce In the absence of frictional or shock losses:
a material size was directly proportional to the size
reduction ratio dL/L. This implies that n in Equation (4) is P  =  (u C  – u C ) (10)
equal to -1.

If K = K f ; where: K  is Kick's constant and f  is the velocity at outlet and inlet, m s ; C  and C  = peripheralK c K c

crushing strength of the material, then: component of fluid velocity, m s .

(5) theoretical fan pressure and is known as Euler's equation.

This, on integration gives: centrifugal impeller, i.e. C  = 0; giving:

E = K  f  (L  / L ) (6) P  =  × C (11)k cLoge 1 2

where: E = energy required to shell a seed; K  = Kick’s Euler's equation can be re-expressed in a manner thatK

constant;  f   =  crushing  strength  of  Jatropha (kg m ); is more susceptible to physical interpretation. From thec
2

L = average length of unshelled Jatropha seed; and L = outlet vector diagram:1 2

average length of shelled Jatropha seeds.

The value obtained by Equation (6) is E =5.712 k J.

Power Required for Shelling Jatropha Seeds: The
required power for shelling Jatropha seeds is given by = C  + C  + u  – 2u  × C (13)
Equation (7).

(7)

where:  = capacity ratio. (14)

Power  required  to  shell  Jatropha according to
Kick’s law for the shelling machine, where  = capacity
ratio = 150 kg h  (assumed), is the value obtained by1

calculations using Equation (7) is H = 0.238 kW.
Considering the transmission efficiency, the required
motor power (H ) is given as:m

(8)

H  = Motor power. Assuming that the power transmissionm

efficiency is 80%, the value obtained using Equation (8)
m

F

Equation (9) [12].

H  = P  × Q (9)F ft

ft
3 1

ft 2 u2 1 u1

where:  = is air density, kg m ; u  and u  = tangential3
2 1

1
u1 u2

1

This relationship in Equation (10) gives the total

The inlet flow is often assumed to be radial for an ideal
u1

ft u2 u2

W2  = C  (u  – C ) (12)2 2 2
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where:  C   =  radial  component  of fluid velocity, m s ; + H  = 0.393 + 0.133 = 0.526 hp; hence the selected motorm2
1

W =  fluid  velocity   relative   to   vane,   m   s ;  C   and was 1.0 hp at1400 rpm.1
1

C  = absolute fluid velocity, m s .2
1

Similarly for the inlet: Machine: According to the velocity ratio of the diameter

2u  × Cu  = u  – W1  + C (15)1 1 1 1
2 2 2

Then:

(16) D  = effective diameter of the drive pulley; N  = drum

i.e.  P   =  Centrifugal  effect  -  effect  of  relative velocity given where D  = Effective diameter of larger pulley = 300ft

+ change in kinetic energy mm, D  = Effective diameter of smaller pulley = 80 mm,

= Gain in static pressure + Gain in velocity pressure of 3.75, from Equation (20), N  = shelling speed = 373.33
For radial fan, C  = C ; and W2 = W1, then: rpm.2 1

(17) Determination of Torque Developed by Sheller: The

where: u = r. relation:
For:  N  =  862  rpm,   =  1.2, the value of the total
pressure across the fan (kPa) obtained using Equation (21)
(17); is P  = 0.078 kPa.ft

Q × u =  × d × impeller width × u (18) rpm, the value of the Tensional moment obtained using

where: Q = the area of flow at impeller outlet; d = diameter
of the impeller (fan outlet diameter); and u = tangential The driven pulley load is given by:
velocity at the outlet, m s .1

u = (r  – r ) (19)2 1

For: N = 862 rpm,  = angular velocity = 90.3 (radians s ), (m) = 0.08 m, the value obtained using Equation (22) was1

r   and  r   = fan outlet and inlet radii. The value obtained T = 63.625 N.1 2

by calculations using Equation (19) is u = 7.22 m s  and The vertical and horizontal components of belt1

d = fan outlet diameter = 0.16 m, impeller width = 0.28 m. tension are:
The value obtained by calculated using Equation (18) is
Q = 1.015 m  s . T  = Tsin60 (23)3 1

The  mechanical  power  transmitted  from  the
impeller to the air calculated from 8 and 12 using equation where: T  = vertical belt tension.
7 is H  = 0.079 kW.F

The required power for driving the Fan, assuming the T  = Tcos60 (24)
power transmission efficiency is 80%, was obtained as HFm

0.099 kW = 0.133 hp. where: T  = horizontal belt tension. 

Selection Motor Required for Shelling Machine: obtained by Equation (23) and (24) were: T  = 55.1 N and
According to the total shelling machine power (hp) = H T  = 31.81 N. m

Fm

Determination of Diameter and Drum Speed for Shelling

and drum speed is given as:

(20)

where:  D   =  effective  diameter  of   the   driven  pulley;d

m d

speed; N  = motor speed.m

The velocity ratio of the driven and driving pulley is
d

m

N = Motor speed = 1400 rpm; by using the velocity rationm

d

Torque Developed by Sheller Shaft is obtained from the

where: M = Tensional moment, N  = motor speed = 1400t m

Equation (21) was M  = 5.09 N.m.t

(22)

where T = pulley load; D  = diameter of the driven pulleyP

v

V

H

H

The vertical and horizontal belt tension values
V
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Fig. 3: Sheller drum shaft bending moment diagram in the
vertical plane

Fig. 4: Sheller drum shaft bending moment diagram in the
horizontal plane

The motor pulley circumferential speed is given as:

(25)

where:  V  =  the  motor  pulley   circumferential  speed.
The calculated motor pulley circumferential speed was
5.86 m s .1

Belt Selection for the Motor of the Shelling Machine:
The required belt length is obtained from following
relation:

(26)

where:  C  = distance between driving and driven pulley;
D = diameter of the driven pulley; d = diameter of the
driving pulley. The value obtained using Equation (26)
was L = 1.929 m (i.e. L = 2 m).

Number of belts is obtained using Equation (27).

(27)

where: H = power required for shelling Jatropha seed
(pod); H  = power transmitted by a section of belt. Thet

number of belts obtained using Equation (27) was n = 1.

Determination of Shelling Drums and Fans Shaft Loads
and Reactions: Reactions, loadings and bending moments
were calculated using horizontal and vertical diagrams
(Figs. 3 and 4).

Determination of the Diameter of the Drum and Fan
Shafts: The diameter of the shaft is determined using
Equation (28).

(28)

where: d = diameter of the shaft, m; M  = resultantb

bending  moment,  N.m;  M   =  tensional   moment,  N.m;t

K = dimensionless combined and fatigue factor applied tob

bending moment; K  = dimensionless combined andt

fatigue factor applied to tensional moment; S  = allowables

shear stress of the shaft, MN m .2

M was calculated as 8.76 N.m. Using drums weightb

(steel) of 7.5 kg, pulleys weight (aluminum) of 5.7 kg, steel
density  =  8750 kg m , aluminum density = 2700 kg m .3 3

P = 746 W and N = 1400 rpm; M  was calculated as 6.8t

N.m. The values of K  and K  were taken as 1.5 and 1.0,b t

respectively, for the gradually applied load on the rotating
shaft and the allowable shear stress of the shaft S  wass

35.0 MN m  based on ASME code. The diameter values2

of the drum and fan shafts were 12.0 and 10.3 mm,
respectively. Using a factor of safety of 0.5, the selected
drum and fan shaft diameters were 25 and 20 mm,
respectively.

Determination of the Shelling Machine Evaluation
Parameters: For the evaluation of the machine
performance,  5  kg  sample  of   Jartopha   seeds  was
hand  fed  in the  shelling  machine through its hopper.
The time taken to shell the sample was recorded. The
shelled  seeds  and  chaff  were  collected  and weighed.
The  procedure  was  then repeated six times. The
following indicator parameters were determined for
evaluating the machine following Mohammed and Hassan
[13].

Cleaning Efficiency:

(29)

where: Q  = weight of shelled seeds (i.e. output kernels),sk

kg; Q  = total weight of the initial sample, kg.t
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Shelling Efficiency:

(30)

where: Q  = weight of unshelled seeds in output, kg.l

Shelling Capacity:

(31)

where: t = total effective time. 

Shelling Percentage plane
Shells Percentage:

(32)

where: Q  = weight of output shells, kg.s

Whole Kernel Percentage:

(33)

where: Q  = weight of output whole kernels, kg. k

RESULTS AND DISCUSSION Fig. 6: Fan shaft bending moment diagram in the

Determination of Engineering Properties of Jatropha
carcass Fruits: Summary of the descriptive statistic
results of engineering properties of Jatropha seeds is
presented in Table 1. 

The mean values of length, width and thickness of
Jatropha were observed to be 18.56, 11.37 and 8.68 mm,
respectively. While, the mean length, width and thickness
of  Jatropha  kernel  were  found  to  be  15.23,  8.85 and
7.11 mm, respectively.

Development of Jatropha Seeds Shelling Machine:
Jatropha seeds shelling machine for bio-fuel production
in rural areas have been successfully developed and
evaluated. The developed machine comprises the
following main component: (i) a feed trough through
which the Jatropha sheaves are fed into the shelling
machine, (ii) a shelling unit which consists of a drum and
a concave and (iii) a cleaning unit which consists of a fan,
a belt and pulleys to transmit the motor power to the fan.
The shelling machine main frame, on which other parts of
the Sheller were mounted, is made of angular mild steel;
while, the Sheller housing is made of galvanized metal;
and   the   hopper  is   constructed    using    sheet  metals.

Fig. 5: Fan shaft bending moment diagram in the vertical

horizontal plane

Fig. 7: The developed Jatropha shelling machine.

The power is supplied to the Sheller by belt drive through
a 1.0 hp AC motor as a prime mover. The shelling process
is achieved by shelling bars on the drum by both rubbing
and  beating  against  a  stationary plate (a concave).
Clean kernels are obtained by the blower action which
blows the chaff and other debris. Fig. 7 depicted the
developed machine which is powered with a 1.0 hp and
has overall dimensions of 1100 mm in length, 1150 mm in
height and a width of 450 mm.
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Table 1: Physical and mechanical properties of Jatropha fruit, seed and kernel
Properties N Fruit Seed Kernel
*Oil content (%) 5 20.12 ± 2.11 38.32 ± 4.61 45.03 ± 7.86
Moisture content (% d.b.) 5 7.79 ± 0.56 5.85 6.35 ± 0.04
Length (mm) 100 26.49 ± 2.69 18.56 ±0.83 15.23 ± 0.78
Width (mm) 100 21.08 ± 1.64 11.37± 0.40 8.85 ± 1.25
Thickens (mm) 100 19.28 ± 1.60 8.68±0.46 7.11 ± 0.60
Geometric mean diameter (mm) 100 21.801 12.23 8.41 ± 1.25
Sphericity (%) 100 84.29% 65.79% 0.59 ± 0.06
1000 unit mass (g) 20 2280.35 ± 13.26 761.50 ± 3.25 476.17 ± 0.254
Seed friction  (%) 20 71.68 ± 7.35 100 NA(a)

Kernel friction  (%) 20 44.73 ± 5.36 63.02 ± 5.78 100(a)

Husk/Shell friction  (%) 20 28.32 ± 7.35 37.13 ± 4.11 0(a)

Surface area  (mm ) 100 1834.40 ± 77.73 486.94 ± 15.67 221.91 ± 12.63(a) 2

Bulk density  (kg m ) 20 278 ± 1.01 476.00 ±1.97 588.29 ± 3.84(a) 3

True density  (kg m ) 20 546 ± 5.47 711.00 ± 7.97 865.87 ± 9.23(a) 3

Porosity  (%) 20 49.80 ± 0.8 33.05 ± 0.11 32.06 ± 2.67(a)

Loading position Horizontal Horizontal b

Rupture force  (N) 79.0 (25.08) 113.99 ± 19.24 b

Deformation Rupture point  (mm) ---- 2.05 ± 1.10b

Hardness  (N. mm) ----- 67.75 ± 7.02 b

Source: Pradhan et al. [14] and  Source: Bamgboye and Adebayo [15].(a) (b)

Table 2: Technical specifications of the developed shelling machine

Item Specification

Machine overall dimensions 1100 mm x 450 mm x 1150 mm

Diameter of larger pulley 300 mm

Diameter of small pulley 80 mm

Motor Power / Speed 1.0 hp / 1400 rpm 

Shelling speed 373.33 rpm 

Motor pulley circumferential speed 5.86 m s 1

Number of belts 1

Diameter of the drum shaft 25 mm 

 Fan outlet diameter 28 mm 

Fan outlet tangential velocity 12.64 m s 1

Total production cost 2000 SDG (Sudanese Pound) 

Shelling Machine Components 
The Hopper: This structure is the unit in which material to
be shelled is directed and channeled into the shelling
chamber. In the developed Sheller, the hopper was made
of metal sheet with dimensions of 250 mm x 499 mm and it
tippers towards the shelling mechanism for easy flow of
the materials by gravity.

The Frame: It supports the entire machine and was made
by joining 700 mm x 700 mm x 450 mm steel into shape by
welding. It carries the prime mover, the shelling unit, the
hopper and the fan.

The Shelling Unit: This unit is made up of the beaters
mounted on a shaft that transmit power for the shelling
process,  two  vertically  rotating discs and a concave.

The pods are drawn against stationary concave by the
beater which causing the impact, thereby shelling
Jatropha seeds.

The Cleaning Unit: The cleaning unit facilitates cleaning
of materials passing through the shelling unit. Air blown
from the fan passes across the falling material and
separates the chaff from the shelled seeds (kernels). The
fan blades are curved backward and made of steel sheet
and mounted on a shaft. The whole assembly is enclosed
in a metal housing termed the fan housing. 

The Kernel Discharge: This structure delivers and
discharges the cleaned shelled seeds (kernels) into a
trough at the base of the machine. It is made of a metal
sheet tapering slightly towards the base to ensure smooth
delivery of Jatropha shelled seeds.

The Shell Discharge: This unit delivers and discharges
shells,  dirt  and  unshelled  pods  out  of  the  machine.
The discharge process is achieved by the air blown by the
fan. It is made of metal sheets and it is rectangular in
shape.

Technical Specifications of the Developed Shelling
Machine: The technical specifications of the developed
shelling machine are presented in Table 2. The machine
overall dimensions were: 1100 mm × 450 mm × 1150 mm;
and it was powered by a 1.0 hp AC motor operating at
1400 rpm.
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Table 3: Performance evaluation results of the shelling machine
Test
Number Cleaning Efficiency % Shelling Efficiency % Shelling Capacity kg h Shells Percentage % Kernel Percentage % Loss Weight Percentage %1

1 97.81 100 138.46 48.60 47.80 3.60
2 97.46 100 150.00 45.20 49.00 5.8
3 96.80 100 137.40 50.20 43.00 6.8
4 97.40 100 142.86 44.60 50.00 5.4
5 96.60 100 146.63 45.40 51.00 3.6
6 96.20 100 135.34 44.00 51.80 4.14
Average 97.05 ± 0.609 141.78 ± 5.726 46.33 ± 2.478 48.77 ± 3.161

Fig. 8: Output clean Jatropha kernels (A) and output shelling capacity, shells percentage and whole seed
shells (B) percentage were 97.05%, 141.78 kg h , 46.33% and

Performance Evaluation of the Developed Shelling was 100%.
Machine: The developed shelling machine was
successfully developed and its performance in shelling ACKNOWLEDGEMENTS
Jatropha seeds was evaluated. Fig. 8 shows example of
the clean output kernels and the output shells. The This study was financially supported by King Saud
average values of the cleaning efficiency, shelling University, Vice Deanship of Research Chairs. The
efficiency, shelling capacity, shells percentage and whole authors are very grateful to the Faculty of Engineering,
kernel percentage are presented in Table 3. The mean University  of  Blue Nile and the Department of
values  of the cleaning efficiency, shelling capacity, shells Agricultural Engineering, Faculty of Engineering,
percentage and whole kernel percentage were recorded at University of Khartoum, for using their workshops and
97.05%, 100%, 141.78 kg h , 46.33% and 48.77%, Lab facilities. 1

respectively.

CONCLUSIONS

The following conclusion could be drawn from the A. Brent, 2009. Analysis opportunities for bio- fuel
obtain results: production in sub- Saharan Africa. Environment

A small scale Jatropha seeds shelling machine for 2015, from: http://www.cifor.org/publications/
bio-fuel production in rural areas have been pdf_files/EnviBrief/04-EnviBrief.pdf.
successfully developed and tested. 2. Dragone,  G.,   B.   Fernandes,   A.A.   Vicente  and
Engineering properties for both Jatropha seed and J.A. Teixeira, 2010. Third generation biofuels from
kernel have been successfully studied. The Jatropha microalgae. In Current Research, Technology and
seeds had average geometric mean diameter, Education Topics in Applied Microbiology and
sphericity, crushing force, length, width and Microbial  Biotechnology, A.  Mendez-Vilas  (Ed.),
thickness were 12.23 mm, 65.79%, 113.99 N.m, 18.59 pp: 1355-1366. 

mm, 11.36 mm and 8.67 mm, respectively. While
Jatropha kernel had average length, width and
thickness of 8.59 mm, 11.36 mm and 8.67 mm,
respectively.
The developed machine consisted of hopper, frame,
drum, fan, kernels and shells delivery. The machine
was powered with a 1.0 hp motor and had overall
dimensions of 1100 mm length, 1150 mm height and a
width of 450 mm. 
Results of the shelling machine performance showed
that the mean values of the cleaning efficiency,

1

48.76%, respectively; while, the shelling efficiency
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