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ABSTRACT 

Palm kernel oil production in Nigeria is not fully exploited due to non-

mechanization of the production process. Large percentage of palm kernel oil 

in Nigeriamarket is processed from the traditional method which is not only 

unhygienic but isequally labourious and time consuming. This research work is 

focused on the designand construction of a palm kernel oil extraction machine. 

The machine was designedand fabricated using locally available materials. The 

machine was evaluated for performance and the results obtained show that the 

mechanical method is more efficient(66.07%) than the traditional method 

(37.69%). Also, shorter processing average timeof 17.66minutes, improved 

palm kernel oil of 17.48kg, and average machine throughputcapacity of 

1.5887kg/minutes were recorded against traditional method 

average processing time of 165.82minutes and average mass of palm kernel oil 

of 10.16kg. Thus,with this new designed, more palm kernel oil can be produce 

at a short possible time. 

 

Keywords: Design, Palm Kernel oil, Machine, Extractor, Efficiency, Capacity. 

 

INTRODUCTION 

Palm Kernel oil is a vital commodity in Nigerian economy with reference to its 

role as a source of farm income and food requirement. In addition to providing 

direct and indirect employment for about four (4) million people, palm kernel 

oil contributes about 70% of the country’s national consumption requirement of 

vegetable oils (Poku, 2002, Nzeka, 2014). 

However, over the past 40years, the Nigerian palm oil industry has undergone 

dramatic changes, recording slow growth in domestic production and losing its 
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export share in the world market. Furthermore, there has been a growing 

competition from imports in the face of rising domestic demand. These factors 

ha ¡e heightened concerns with regards to the survival of the palm oil industry 

in Nigeria (Babatunde and Okoli, 1998, Shamsudin et al; 1998, FAO, 002, Shri 

Dewi et al, 2011). 

The decline in palm kernel oil product in Nigeria market which has resulted to 

high price of the product necessitated the need for a project design and 

construction of a palm kernel oil extracting machine. Large percentage of palm 

kernel oil in Nigeria market is processed from the traditional method which is 

not only unhygienic but is equally laborious and time consuming (Adebayo, 

2004, Owolarafe et al, 2014). 

Palm kernel oil production has been a target for small and large scale investors, 

and to follow the trend and encourage mass and qualitative production of the oil 

by local oil-Palm farmers as well as supplement governments’ efforts 

towards increment of local contents (in terms of machinery and 

equipment) , there is the need to & sign and construct a palm kernel oil 

extracting machine that will reduce the problems of crude, time and 

energy consuming, uneconomical and laborious traditional methods of 

the palm kernel oil production. At present machinery manufacturing of 

palm kernel oil is a recent development in sub-Sahara Africa, and until 

recently it has not been possible to develop the sophisticated machines 

required to improve on traditional methods.  

The palm kernel oil is a common domestic and cash crop in Nigeria. The 

extraction of oil from the hard pam kernel is more difficult and less efficient 

than from the pulpy flesh (Akpobi and Oniah, 2009, Jimoh and Olukunle, 2013). 

Mechanizing the palm kernel oil extraction process world reduce waste and 

improve efficiency and output, and thus encourage rural development by 

generating wealth and promoting self- employment (Olayiwola, 1998, Jumoh 

and Olukunle. 2012). Extraction of palm kernel oil into edible oil or for 

commercial purposes is done using various methods which may be grouped into 

three categories according to their degree of complexity. These are the 

traditional, solvent and mechanical extraction methods (S vakumaran et al, 

1985, Koya and Faborode, 2005, Owolarafe and Oui, 2011). The traditional 

method is used in rural areas of many developing countries. The oil-bearing 

material is ground and then heated in boiling water. The liberated oil floats to 

the surface and is collected. The solvent extraction method is a chemical 

extraction method, and is very expensive and complex for small-scale 
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extraction. In the mechanical method such as the screw press, a rotating screw 

forces the oil-bearing material down the length of the cylindrical pressing cage. 

Increasing pressure squeezes oil out through perforations in the sides of the 

cage. The cake emerges from the end of the press (Gbadamosi, 2006). 

 

DESIGN METHODOLOGY 

Major Components/Parts of the Palm Kernel Oil Extractor 

1. Hopper 

ii. Worm 

iii. Cylindrical barrel 

iv. Main-shaft (Worm Shaft) 

v. Transmission belt 

vi. Pulley 

vii. Bearings 

viii. Main-Frame 

ix. Electric Motor 

x. Gear Box 

1. Hopper: it is the part of the extractor that is used to feed the raw material inside 

of casing to extract the oil. It also controls the quantity of seeds to supply for 

crushing. 

2. Worm shaft: the worm shaft is the main component of the screw press and is 

acted upon by the weight of the material been processed, pulley, and screw 

thread (worm). In operation, the worm shaft conveys, presses and squeezes the 

material (digested palm kernel) for c l extraction. 

3. Cylindrical Barrel: it is a cylindrical cage made of mild steel that covers the 

worm-shaft. It is the chamber where the material (palm kernels) are being 

squeezed by the action of the revolving worm to extract the oil. 

4. Worm: it is a helical thread (screw) that is welded to the main shaft for 

effective squeezing and pressing of the material inside the barrel to extract the 

oil out of the press. 

5. Main frame: the main frame is that pal1 of the expeller that provides support 

and stability for the machine. It is usually made of mild steel angle iron. 

6. Electric motor: it is the prime move of the palm kernel oil extractor. It provides 

smooth running of the extractor. 
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7. Bearing: it is a mechanical devices that provides support for the main shaft 

(worm shaft) and reduces frictional force on the main shaft when it is rotating. 

8. V-Belt: a belt is a loop of flexible material used to link two or more rotating 

shafts mechanically, most of ten parallel. Belts may be used as a source of 

motion to transmit power or to track relative movement. V-Belt are probably 

the most common form of belt drives. . They are used in many machines and 

engines because their wedge shaped cross-section grips the V-shaped pulleys 

and enables higher loads to be transmitted with labs slippage. 

9. Pulley: a pulley is a wheel with groove on an axle or shaft that is designed to 

support movement and change of direction of a belt, or transfer power between 

the shaft and belt. A pulley may have groove or grooves between 

flanges around its circumference to locate the cable or belt. 

10. Gear Box: the gear box uses gears and gear trans to provides torque 

conversions from a rotating power source to another devices. The gearbox 

provides the torque needed to move the extractor under a variety of load and 

load conditions. The gearbox also provides different gear ratios transmission. 

System in various combination of speeds and torque 

 

Design Specification 

 This are the various dimensioning and sizing of the parts of the machines to be 

designed and constructed: These include the following 

Determination of The Extractor Cage Specification The Extractor cage 

separates unwanted materials which are smaller than the palm kernel thus, from 

the calculations, the parameters adopted are: length = 0.29m, internal diameter 

= 0.079m, external diameter = 0.115m, internal volume = 0.0003m3, external 

volume = 0.0043m3, void volume = 0.004m3. 

 

Design Specification for Hopper 

The hopper is the part of the extract r that is used to feed the raw material 

inside the casing to extract the oil. It also controls the quantity of palm kernel 

seeds to supply for crushing. 

From the analysis carryout, 30kg of palm kernel will be processed in lhr. 

The volume of palm kernel to be processed in 1 hr is determined using 

Archimedes principle. A known muss of palm kernel was poured into a coil 
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berated beaker containing water and the volume rise was measured and taken 

as the volume of palm kernel immersed in the fluid. 

As the shape of the hopper desired a frustum of a pyramid with square base, the 

parameters adopted for the design are: 

Height of frustum, h = 340mm, width of small base, w = 90mm, width of large 

base, w = 350mm. 

 

Design Considerations 

While designing the machine considerations included high oil yield, high oil 

extraction efficiency and ratio low extraction loss, quality of oil availability and 

cost of constmc1on materials. Other considerations included the desire to design 

the cylindrical barrel to accommodate the required quantity of raw material 

(digested palm kernel). Also considered is to design the shaft to ensure 

maximum conveyance and pressing of the crude oil. Other considerations 

included the simplicity in the design and easy to fabricate the machine, be usable 

by anybody even without any previous technical training and a strong main 

frame to ensure structural stability and strong support for the machine. 

Design Calculations: this are the various calculation carrier out in determining 

the dimensions of the various component of the machine. 

 

Design of Worm Shaft of the Expeller 

The worm shaft is the main component of the screw press and is acted 

upon by weights of material being processed, pulley and screw thread. In 

operation, the worm shaft convey, presses and squeezes the material (digested 

palm kernel) for oil extraction. 

Therefore, in other to safeguard against bending and tensional stress, the 

diameter of the shaft was determined’ from the equation given as:  

𝑑𝑠 = 16𝑇/0.277πϨ0 
Where, ds is the diameter of the screw shaft, T is the torque transmitted by the 

shaft and Ôy is the yield stress for mild steel given that  

T =628.471Nm and Ϩ0 = 432.33N/mm2; hence ds= 27.71mm. Therefore a mild 

steel rod of diameter 30mm was used for the worm shaft. 

 

Design for Hopper of the Extractor: 

The hopper is the part of the extractor that is used to feed the raw materials 

(palm kernels) inside the casing to extract the oil. As the volume of the hopper 

desire a frustt1n of a pyramid with square base.  
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The volume of a frustum, Vf=⅓h {𝐴1+𝐴2+√𝐴1𝐴2) 

Where 

H= height of frustum = 340mm = 0.34m 

A1 = Area of large base. = 350mm =0.35m 

Width of large base = 350mm = 0.35m 

Since it is a square base 

A1 = width x base = 0.35 x 0.35 = 0.1225m2 

A2 = Area of small base 

Width of small base = 95mm = 0.095m 

Since the base is a square 

A2 = width x base = 0.095 x 0.095 = 0.009025m2 

Substituting the values into the equation above, we have 

Vf =
1

3
 x 0.34 (0.1225 + 0.009025+√0.1255x0.009025= 

1

3
x 0.34 (0.1225 + 

0.009025 + 0.03325)  
1

3
x 0.34 x 0.1648 = 0.0187m3=0.02 m3 

 

Design of the Extractor Thread 

The worm shaft is essentially a tapered screw conveyor with the volumetric 

displacement being decreased from the feed end of the barrel to the discharged 

end. The screw treading system was design as a step up shaft diameter and 

decreasing screw depth using the expression in the equation below as: 

Un=a+ (n-1) d         (2) 

Where, Un is the screw depth at the discharge end, a is the screw depth at the 

feed end, n is the number of screw turns, and d is the common difference 

between next successive screw depths. . 

Given that Un= 5mm, a =25mm, and n=a, hence d=2.5mm from the feed end to 

the discharge end of the barrel. 

 

Design of the Load that can be lifted by the Extractor. 

The load that can be lifted by the screw press was determined from the equation 

given by 

𝑤𝑒 =
𝑇𝐷𝑇𝑎𝑛𝜃+𝜇

(1−𝜇𝑡𝑎𝑛𝜃𝑐𝑜𝑠𝑎)
        (3) 
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Where We is the load that can be Lifted by the screw, T is the torque transmitted 

by the screw shaft. Dm is the mean thread diameter, µ is the coefficient of the 

friction Ø is thread (lift) angle and Ø is the tapering angle.  

Substituting T = 628.471 Nm. 

Dm =55mm. Ø= 3, µ = 0.15 and Ø =150, hence, = l4.9 and We = 52.88KN. 

 

Design of the Pressure to Be Developed by the Extractor Thread. 

The pressing area and the pressure developed by the screw thread were 

determined equations respectively as: 

AP= 𝜋𝐷𝑚𝑛ℎ 

Pr= 𝑊𝑒/𝐴𝑝 

Where Pr is tile pressure developed by the screw thread. A1 is the pressing area 

and h is the screw depth maximum pressure (discharge end). 

Substituting Dm = 55mm, n 9, h= 5mm, and We = 2.88 

Hence Ap = 0.00778mm2 and 

Pr = 370.4 N/mm2. Therefore, a pressure of 6.80mpa would be available for 

pressing the oil from the machine during operation. 

 

Design for the Power Requirement of the Extractor:    

Drive Power: The machine drive torque, T and power, P were computed 

as 1517.18Nm and 5.7Hp respectively using eqns. (1) and (2) as:  

T=F×L×n (1)  

P=Fω/𝜂                                  (2)  

Where: F = compressive yield load of palm kernel = 613; L = length of press 

barrel = 700mm; n = number of screw pitches = 4.5, ω = angular velocity 

of screw shaft=2πN60, N = screw shaft speed = 55rpm and 𝜂 = electric 

motor efficiency = 0.79.  

5.7hp electric motor with speed of 1450rpm is thus selected for this 

machine.   

Therefore, a 5.5hp single phase electric motor was selected to drive the palm 

kernel oil extractor. 

3.4.7 Design for the Pressure of the Barrel 

The pressure that can he withstood by the barrel was determined by the equation 

given as: 
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Ph = 2 + oa /D1 

Where h is the pressure to he withstood by the barrel, t is the thickness of the 

barrel. 

𝛿a is allowed stress’  0.2780. 

𝛿0 is the yield stress of mild steel, and D1 is the inside diameter of the barrel. 

Substituting t=10mm, 

𝛿a = 423.3 34imin2, and ‚ I 

Di = 166mm, hence 𝛿a=114.30 

N/mm2 and Ph = 1 3.77N/mm2 or 13.’17mpa. 

This means that the pressure that the barrel can withstand (3 .77mpa) is greater 

than the pressure developed by the extractor thread for oil extraction (6.80mpa). 

Therefore, the barrel will withstand the extraction pressure without bursting. 

 

Material Selection/Justification 

The materials selected for the design and construction of the extractor were 

based on the following. 

i. Service Requirement which includes reliability of the materials, suitability of 

the material for ‘he working conditions, high strength and durability of the 

materials. 

ii Fabrication Requirement which includes machinability, weld ability, strength, 

elasticity, plasticity and fatigue resistance. 

iii. Economic Requirement e.g cost of the materials, and availability of the 

materials. 

 

Selection of Bearing 

Universal bearing of standard designation number, UCP2O9 was selected for 

the palm kernel oil extracting machine. The selection was based on the type of 

load the bearing will support when at rest and during operation and also base on 

the diameter of the shaft. The designation number UCP209 signifies deep 

groove universal bearing with bore (inside diameter) of 3 0mm, outer diameter 

and seals. 

 

Selection of Pulley 

The machine pulley diameter was selected using the equation for speed ratio as 

shown in Eqn. (3.9): 
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Where 

Dm = Diameter of machine pulley 

Nr = rotational speed of electric mot)r =1684 rpm 

Dr = measured diameter of speed reduction gear motor 

Nm Rotational speed of machine Pulley (rpm) 

Speed of the machine pulley was chosen as 1450rpm 

 

Dm = 0.061 X 1684 

1450 

 

Dm=0.071m =71mm 

 

Constructional Details 

The hopper was fabricated from a standard length of 1.5mm thick mild steel 

sheet. Four piece of dimension 350 x 350 x 340mm were cut from the mild steel 

and welded together o form hopper. The worm shaft was fabricated from a mild 

steel rod o:r diameter 50mm and length 900mm which was machine on the 1athr 

to 30mm base (shaft) diameter. 

Thereafter, the screw thread was machined at a decreasing screw depth from 

25mm to 5mm thereby forming a tapered screw conveyor of nine screw turns. 

The barrel was fabricated from a mild steel pipe of 166mm. internal diameter, 

10mm thickness, and 850mm long which was cut and machined to 650mm 

length. Using oxyacetylene flame, a slot of 50 x 50 mm was made on the upper 

side of the barrel for the hopper base. 

Holes were made on the lower portion of the barrel to serve as drainage channels 

for the expelled oil. The main frame was made from an angle iron of dimension 

50x50x40 mm which was cut to the required dimensions and welded together, 

fabrication process included: marking out, machining, cutting, joining, drilling 

and fitting. The workshop tools and machines used include: scriber, steel rule, 

and compass, center punch, grinding machine, lathe machine, oxyacetylene gas, 

saw frame and blade for cutting and welding machine for joining. 

 

Equipment Used 

The workshop tools, equipment and machine used include: 
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i. Scriber 

ii. Steel Rule 

iii. Centre Punch 

iv. Grinding Machine 

v. Lathe Machine 

vi. Oxyacetylene Gas 

vii. Hack Saw 

viii. Arc Welding Machine 

ix. Drilling Machine 

x. Cutting Machine 

 

TESTING, RESULT AND DISCUSSION 

Test Procedure 

1. The machine was run without load for about 5 to 10 minute with a 5.5hp 

three phase electric motor 

2. At the end of about 10 minute, the machine was loaded with 7.5kg of 

palm kernel seed (well dried) through the feeding hopper having adjusted 

the clearance between the screw shaft and the cylindrical barrel. The 

adjustment was done with the aid of the four adjusters. 

3. The extraction time for a 7.5 kg palm kernel that was loaded through the 

feed hopper was recorded. 

4. The weight of the extracted oil and the shaft were recorded 

Machine capacity 

=Quantityofpalmkernelprocessed(kg)/𝑡𝑖𝑚𝑒𝑜𝑓𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔(ℎ𝑟)  

Machine efficiency = 𝐸 =
𝑦

𝐶𝑜
𝑥100% 

Where y = oil yield in percentage  

Co = oil content of paol kernel (48% for palm kernel seed – maximum) 

𝑌 = 𝑤1 −
𝑤2

𝑤1
𝑥100 

Where w1 = weight of unmilled palm kernel seed 

W2 = weight of cake (after milling) 

 

Result/findings: 

Mass of palm kernel loaded into the machine: w1 = 7.5 kg  
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Machine processing time for 7.5kg = 15 mins 

Mass of palm kernel oil yield,for 15 min, wo = 4.5kg 

Oil content of 7.5kg of palm kernel = 48% = 0.48 

𝑚𝑎𝑐ℎ𝑖𝑛𝑒𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 𝑚𝑎𝑐ℎ𝑖𝑛𝑒
𝑓𝑒𝑒𝑑(𝑘𝑔)

𝑚𝑎𝑐ℎ𝑖𝑛𝑒𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔𝑡𝑖𝑚𝑒
 

Where machine feed = 7.5 kg and much processing time =15mins 

Machine capacity =7.5kg  = 0.5kg/min 

15mins 

= 29.98 kg /hour. 

Machine efficiency, 𝐸 =
𝑦

𝐶𝑜
𝑥100% 

Where, 

Y = oil yeilld in % 

𝑌 = 𝑤1 −
𝑤2

𝑤1
𝑥100 

Where w1 = mass unmilled palm kernel seed = 7.5kg 

W2 = mass of cake (after milling) = 4.5 kg 

Substituting the values into the equation we have  

Y= 7.5 – 4.5 x 100 = 40% = 0.40 

7.5       1 

Oil yield, y =40% = 0.40 

Substituting the values of Co = 0.48 and y = 0.40 in the equation efficiency, we 

have  

Efficiency, E = 0.40 X 100 = 83.33% 

       0.48        1 

The efficiency of the palm kernel oil extractor is 83.33% 

 

Result and Discussion  

The palm kernel oil extractor machine is made of the following parts: pulleys; 

gearbox; belt; keys; spline hub; bearings; bolts/nuts; electric motor; etc. The 

machine parts list is shown in. Construction of the various components was 

achieved using the various fabrication techniques such as cutting, welding, 

drilling, bending, and casting.  

In carryout the test, the pressure adjusting bolt and nut was the only part of the 

expeller that was controlled and the clearance between the screw shaft and the 
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cylindrical barrel dictate the expeller feed rate, oil extraction rate, oil yoeld, 

pressing time for the batch processing and the extraction efficiency. The 

fabrication plant was subjected to a test run with an initial input of 29.9kg of 

palm kernel per hour and subsequently run for 10 hour at 5 hour shift each. The 

federate was maintained at 29.94kg (29.94kg/h) in order to avoid overflowing 

of material during the mechanical press. 

The average oil extractor ratio, oil extraction efficiency, and the machine 

capacity were 17.90kg, 83.333% and 29.94kg of palm per hour (29.94kg/h) 

respectively. The machine operate smoothly during testing without frequent 

jamming. The result obtained from the test shows that the palm kernel oil screw-

press effectively extract the crude oil from the digester palm kernel (mash) 

 

Safety Precaution during Testing 

During testing the course of testing the machine the following safety precaution 

were noted; 

1. Protective hand glove was worm before operating the machine 

2. It was ensured that the machine was not load beyond the maximum 

allowable load it can process 

3. Personal proactive equipment such as cover all and safety boot was 

worm before testing the machine 

4. \it was ensured that the right power supply (3 phase power supply) was 

used for the testing since the electric motor used is a 3 phase system. 

5. The clearance between the screw shaft and the cage was reduced in order 

to achieved a compressive effect 

 

Maintenance 

The frame of the machine is painted with red oxide before applying the main 

parts, this is to beautify the machine and also prevent corrosion of the metal of 

the machine always check the mounting bolt to see if there is a loosen or bolt 

failure to be replace worm out bolt and nuts. The different activities required to 

carry out to achieve an optimal performance of the design within its life spam 

include: 

i. There should be daily inspection before production operation 

ii. There should be periodic test regularly 
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iii. Proper monitoring of the system should not be neglected 

iv. There should also be lubrication on the rotating parts of the machine 

v. Production record should be kept to determine the life span and for future 

reference 

 

Conclusion 

The design and fabrication of a palm kernel oil expelling machine includes the 

construction of the hopper, the expelling chamber, the determination and 

selection of the appropriate belt and electric motor among other components. 

The assembly of the various components is easy and unique allowing for 

efficient expelling of the palm kernel seeds by the worm carried on the rotating 

shaft enclosed by the barrel and at the same time ensuring the ease of 

maintenance of the whole machine.  The kernel oil expeller machine designed 

and fabricated is effective and efficient and is capable of expelling 280.6kg of 

palm kernel seeds per hour when operated with a 10hp electric motor. 
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