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Abstract

The traditional method of shea nut oil extraction which could not meet
the demand of domestic and industrial use of the oil led to the
development of shea nut oil extracting machine. The machine was
divided into two units namely; the crushing unit and the extraction unit.
It can be operated either manually or electrically. The machine was
designed and constructed to serve small and medium scale industries in
the rural and urban areas. It was tested manually and 1.5litres of shea-
nut oil was extracted in 30 minutes using 5kg of shea- nut while
7.5litres of shea nut oil was extracted within 30 minutes using 20kg of
shea- nut when operated electrically.

Adamawa State is one of the geographical zone where shea-nut tree
grows on the high lands. The tree grows in broad-leafed savannah zones of the
state. Shea-nut produces pulpy, sweet nuts from March to August every year.
People eat the pulp and crack the nut to extract oil from the seed. Its oil, which is
used for cooking, soap making and body beauty, is highly priced in the state.
Traditional methods of extracting oil from shea-nut have reduced its usage.
These improved methods of extracting oil from shea-nut will also encourage the
poor families who collect the nut in the village to have incomes from the
resources.

Shea-nut oil is a local resource that is not yet well known worldwide. The
high price of the shea-nut oil is due to the scarcity of the oil that is being
produced locally by the villagers. The study aims at constructing the shea-nut oil
extracting machine which will replace local traditional method of shea- nut oil
extraction and to boost its production of shea-nut oil for soap making.

History of Shea-Nut

The shea-nut from a shea tree formerly called butryospermum
paradoxum, is now called vitellaria paradoxa (Brown, 1989). It produces its
first fruits (which resemble large plums) when it is about 20 years old and
reaches its full production at about 45 years old. It produces nuts for up to 200
years after reaching maturity. Many vernacular names are used for vitellaria,
which is a reflection of its extension range of occurrence nearly 5000km from
Senegal (west) to Uganda (east) across the African continent. It usually grows to
an average height of about 15m with profound branches and a thick waxy and
deeply fissured back that make it fire resistant. The shea tree grows naturally in
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the wild dry savannah belt of West Africa from Senegal in the west to Sudan in
the east and to the foot wills of the Ethiopian highlands (Simons,1996). It can be
found in Nineteen (19) countries across the African continent namely; Benin,
Ghana, Chad, Burkina Faso, Cameroon, Central Africa Republic, Ethiopian,
Guinea Bissau, Cote Voire, Mali, Niger, Nigeria, Senegal, Sierra leone, Sudan,
Togo, Uganda, Zaire and Guinea.

Traditionally, in Africa, the shea- nut oil was extracted using the
traditional method in the rural areas. The oil extracted using this method is very
limited due to the inefficiency of the method employed. In this method, shea-
nuts are collected stored for extraction. The outer shells of the nuts are removed
using either mortar and pestle or stones as the case may be. The inner seed are
pounded or grounded into a fine powder or paste in a wooden mortar. Large
quantity of water is added to the paste and subjected to heating. Then, the
floatening oil is collected. The traditional method of extracting oil is shown
below.
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Design and Construction of Shea-Nut oil Extracting Machine

Engineering design is the creation of plants, machine structure systems
or processes to perform desired functions (Khurmi and Gupta, 1997). The
following factors were taken into consideration during the design process of
Shea-nut oil extracting machine; strength, appearance, weight, space, availability
of materials and fabrication techniques. The following parts were designed,
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screw conveyor, hopper, spline, disc housing, extraction cylinder and disc
adjuster.

The main function of screw conveyor is to convey the shea-nut to the
crushing chamber of the machine. The height of the screw h is given by

h= %Ch = ? for single start thread. If pitch = 0.055m
~ 0.055

h =0.0275

The helix angle of the screw is given by

lead o lead 0.055 0
tana = - C.oo =tan - = =49
Meandiameter Meandiameter  0.04485
Note that mean diameter; d_=d +£ if d = 0.021m

~d_ =0021+ &255 = 0.0485m

The screw axial force Q is given by the relation. Axial force Q = axial stress 2 x
root

0.021

area = 20x10° x =2.21KN

The torque required to turn the screw is given by

QD _ 2.21x10°

T= Ttana = x0.054tan49° = 68.6Nm

Shear stress on the thread,
Q 2.21x10°

Se =" = : =106.3MN /m
nad“t  3x 7z x(0.021)° x0.005




Samuel Adeoye Akaniji
Bending stress on the thread,

4Q  4x221x10°
n(D*-d?) 3(0.054% —0.04%)

=1.19MN /m

S, =

100xwxlead ~ 100x 6x10% x0.55
2rT T x68.6

The screw efficiency, C, = =76.6%

Where D= effective diameter, T = Torque and a = screw axis.
Source: Joseph and Charles (1989)

In the design of hopper, sheet metal of thickness 1.5mm was used.
Development of truncated pyramid was done with the area and volume of
0.01843m? and 0.01229m’ respectively. The spline, which was made to rotate
the grinding disc are used to permit relative axial motion between the shaft and
hub. The designed torque capacity of the spline connection was calculated to be
7.14 Nm.

Disc housing was designed and constructed with sheet metal of thickness
1.5mm. It was designed inform of a cylinder to accommodate the boiled shea-
nut. The extraction tank was a curved cylinder to accommodate the shea-nut
paste. The total area and volume of the cylinder was 0.3097m” and 0.02185m’
respectively.

All the units were assembled as shown in figure 1. During the construction,
hand tools, measuring tools and power tools were used.

Testing, Results and Discussions

The performance test was carried out after assembling the machine.
Parboiled shea-nut (5kg) was fed into the machine. It was operated manually
with the machine handle and the shea-nut paste dropped into the extraction
cylinder. It was operated for about 30 minutes to establish the working capacity.
1.5 litres of shea-nut oil was extracted from the 5kg of parboiled shea-nut within
30 minutes. Similarly, 36 litres of shea-nut oil was extracted from 120kg of shea-
nut within 12 hours. When compared with the traditional method of extracting
shea nut oil, maximum of 10 litres of shea-nut oil can be extracted after crushing
120kg of shea nut daily. When operated with electric motor, about 50 litres of
shea-nut oil was extracted within 3 hours.

Conclusion

Shea nut oil extracting machine was designed, constructed and tested
compared to the locally shea-nut oil extractor. This machine extracted about four
times shea-nut oil within 12 hours when it was manually operated and five times
shea-nut oil within 3 hours when it was electrically operated. The machine is
useful in both rural and urban areas.
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Recommendations
The following points are recommended for further action

0] Refining section should be attached to the extraction unit so as to remove
all impurities

(i) Provision should be made for internal combustion engines for the rural
dwellers to power the machine.

(iii)  Government should encourage people to establish soap industries where
shea-nut oil will be used.

(iv) Importation of soap from overseas countries should be stopped since we
have raw materials to produce them.
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