DESIGN AND CONSTRUCTION OF A GROUNDNUT DECORTICATOR

Abstract
Nigeria is one of the leading producers of groundnuts in the world. The decorticating operation of groundnut is one of the difficult tasks during groundnut processing as it consumes time, energy, costly and labourious. This necessitates the development of an efficient and cost-effective decorticating machines. This research presents the design and fabrication of a groundnut decorticator using locally available material. The decorticator aims to improve the processing efficiency and reduce post-harvest losses. The design process involved detailed consideration of the machine’s functional requirement, material selection and fabrication techniques to ensure durability and ease of maintenance. The fabricated machine was tested showing a throughput capacity of 113.6kg/hr. A decorticating efficiency of 60.6%, an unshelled grain percentage of 9.3%, a broken grain percentage of 30.1% were achieved during the test. These results indicate the machine’s potential to enhance groundnut processing efficiency. This research contribute to the advancement of agricultural machinery, offering a viable solution for small to medium-scale groundnut farmers and processors. 
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1.0 INTRODUCTION
Another name for the legume plant groundnut (Arachis hypogea) is peanuts. It is a member of the Fabaceae family. This leguminous plant is a good combination of fiber, protein, and healthy fats that reduce hunger, the risk of heart disease, and control blood sugar levels (Shreya et al., 2021). Out of the world's total groundnut production, 40% is used for food and other purposes, like seed for sowing in the next season crop, etc. The remaining 60% is crushed to extract oil for edible and industrial applications (Birthal et al., 2011).
However, the act of removing the seeds from the pod or casing to extract the seed from any enclosure is called decortication. This is often times carried out before the seed bearing oil are milled and oil is extracted. A decorticator is an equipment used to remove the outer layer of agricultural produce, most often pods. Shelling and decortication are used interchangeably most times. Traditionally, the processes of dehulling, husking, cracking, splitting, popping, and shelling damaged materials are included in decortication (Kabir and Fedele, 2018).
Most decorticator uses shear and impact forces during operations. This is because the seed's structure cannot be altered or damaged, this is one of the most sensitive agricultural processing procedures (Kabir and Fedele, 2018). Groundnut decortication is a challenging and time-consuming procedure. The time and work needed to decorticate the kernels will be decreased with the use of an appropriate decorticator. This will increase the farmers' revenue. Large amounts of groundnuts were destroyed annually as a result of inadequate storage facilities and outdated processing methods (Ikechukwu et al., 2014).
The fabrication of a groundnut decorticator will encourage the farmers to grow more groundnuts since it would help to reduce wastage due to cracked or crushed groundnuts. It will also increase the efficiency of decortication and reduce the hard labor and time required to shell groundnut. The aim of the study is to develop a low-cost machine that can be used by farmers to convert their groundnut into a semi-finished product that satisfies the needs of village people in order to earn more money.
2.0 METHODOLOGY
2.1	Design Consideration 
i. The physical properties of the groundnut such as size, seed weight, volume, density and porosity.
ii. The compactness
iii. Economical consideration
iv. Cost implication (Machine affordability)
v. Availability of the material in the local markets
vi. Machinability 
vii. Strength and rigidity
viii. Human height
ix. Cost of the materials
x. Nigeria’s local content initiative policy.
2.2	Machine design procedure
Relevant formulas and assumptions were used in designing for the machine. A summary table is shown in table 2.
2.3	Materials Selection
i. 2” Angle bar
ii. 25mm diameter Shaft
iii. 17mm bolt and nut
iv. 10mm bolt and nut
v. 1mm mild steel sheet
vi. 25mm pillow bearing
vii. 12mm diameter shaft
viii. 12mm ball bearing
ix. 1.5mm mild steel sheet
x. 2mm mild steel sheet
xi. V-belt (A61, A43 and A58).








2.4	Features and Component of the Machine
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Fig. 1: Exploded view of the machine		Fig. 2: Isometric drawing of the machine
2.5	Operating Principle of a Groundnut Decorticator
The dried groundnut is fed through the hopper into a threshing drum. The groundnuts are decorticated inside the threshing drum, which consists of the outer drum, inner drum, and drum rotating shaft. The rotating shaft is being rotated in the outer drum on the other hand the inner drum rotates freely around the drum rotating shaft. The clearance created between outer and inner drums is very limited and this helps to trap groundnut pods while the outer drum is being rotated. The shearing force between the outer and inner drums helps to split the shells of the groundnuts. Thereafter broken shells, seeds, and pods move into the top blower which acts as a primary separator. The shells are separated from the seeds by winnowing air coming from one side of the fan. Then the seeds move into the sieve which separates the nuts from the husks and removes dust particles and this acts as a secondary separator. Finally, groundnut kernels move into the grain outlet which is the second layer of the sieve, and dust with fine particles is removed through the third outlet provided which is the last layer of the sieve. Power is supplied by a three-phase (1.5 hp) motor and power transmission is accomplished by belt and pulley mechanism. The separation is done through shaking mechanisms. (Herath and Srima 2021).
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2.6	Equipment and Specification
Table 1: Equipment and specification
	Equipment 	
	Specifications/model

	Angle grinder
	1375A, 1375.02H,1375.03H,1375A.2P

	Grinding machine
	B-4D

	Lathe machine
	SN 50B

	Drilling machine
	VS 32A

	Welding machine
	BX1-250-5

	Electric motor
	3hp



2.7	Fabrication Process of Groundnut Decorticator
The fabrication process involves transforming raw materials into finished products through a series of manufacturing steps. It typically includes steps such as design, material selection, marking out, cutting, shaping, assembly, and finishing. Each step plays a crucial role in creating a final product that meets specified requirements. The goal is to efficiently and accurately convert raw materials into the desired end product while adhering to design specifications and quality standards.
2.8      Procedure for evaluation of the Machine
The following parameters of the machine tested
i. Machine Throughput  

ii. Decortication Efficiency 

iii. Unshelled Grain Percentage 

iv. Broken Grain Percentage 
2.9	Test Procedure and Result
2.9.1	Machine testing (under no load)
The machine was assembled and run under no load for a period of five (5) minutes. This was carried out to certify that the different components and parts of the machine were working according to design. In view of this, necessary adjustments were made to the machine such as: changing of the blower.
2.9.2 Machine testing (under load)	
The moisture content of the sample used to test the machine is 7.36% using moisture meter. This indicates that the groundnut decorticator was evaluated at one level of moisture content. The tests were carried out in three replicates: four tests were carried out; the machine capacity, the decorticating efficiency, unshelled grain percentage and the broken grain percentage. In the test, 15kg weight of sample was fed through the hopper into the machine and the time taken was recorded using stopwatch. After each run, the shelled (whole nuts, broken), unshelled, and chaff from the outlets were carefully sorted out and weighed.
3.0	RESULTS AND DISCUSSION
3.1 	Results
Table 2 shows the result of various components/ parameters designed which was used for fabricating the machine. It can be seen from the table that the volume of decorticating chamber is 0.0147m³. The groundnut decorticator was designed to decorticate at the rate of 113.6kg/hr; power requirement of 2985.32KW was designed for decorticating. 
3.1.1	The fabricated machine description and working principle
The side and front views of the fabricated decorticator is as shown on Plate 1 (a) and (b) respectively. The machine parts consist of the hopper, decorticating chamber, calm mechanism, shaft, single groove pulley and double groove pulley, bearing and bearing housing, the main frame, and the blower. The hopper is designed in a trapezoidal shape made from a galvanized sheet plate of 2 mm thickness. The hopper upper dimension is 500 mm and that of the lower dimension is 250 mm with a slant height of 400 mm at 45°.
The hopper is the feeding chamber through which the groundnuts are fed into the machine cracking chamber. The cracking chamber consists of a presser (tyre) and a sieve sheet. The driving mechanism consist of a single and double groove V-belt pulley which can be power by electric motor. The cost of the machine is affordable due to availability of raw materials. When in operation, the groundnuts are separated by the blower providing separate outlets for the cracked groundnut and the chaff.

Table 2 Summary of the design formulas and values	
	S/n
	Components
	Mathematical Mode used
	Design Value

	1
	Volume of Hopper (m3)
	
	0.0097

	2
	Shaft diameters (mm)
	
	25

	3
	Belt Length (mm)
	
	61,43,58

	4
	Power Requirement (W)
	
	2985.32

	5
	Throughput (kg/h)
	
	2635.2

	6
	Volume Decorticating chamber (m³)
	
	0.0147

	7
	Velocity on motor pulley (m/s)
	
	11

	8
	Tension on belt (N)
	
	542.94

	9
	Auger Capacity (kg/s)
	
	0.976

	10
	Torque transmit on blower (Nm)
	
	5.09

	11
	Force in the decorticating chamber (N)
	
	145.68

	12
	Speed and diameter on driven blower (m)
	
	0.075m
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(a)						(b)
Plate 1: Fabricated Groundnut Decorticator (a) side view (b) front view
3.1.2 Cost of the Fabricated Decorticator
Table 3 shows the cost of the fabricated groundnut decorticator
	S/N
	Description
	Amount (₦)

	1
	Cost of Machining 
	79,600.00

	2
	Cost Of Purchase Out Components
	300,700.00

	3
	Miscellaneous Cost
	25,000.00

	
	TOTAL
	405,300



3.1.3	Result of the Test
Table 4 shows the result of the test under load, 15kg of groundnut was introduced into the machine through the hopper. And this was carried out in three different replicates.
Table 4: Result of the test 
	Mass of sample (kg)
	Time taken (secs)
	Mass of shelled sample (kg)
	Mass of unshelled sample (kg)
	Mass of broken shelled sample (kg)
	Mass of unbroken shelled sample (kg)
	Mass of chaffs (kg)

	15
	550
	9.06
	1.41
	4.41
	4.65
	4.39

	15
	450
	9.09
	1.37
	4.50
	4.59
	4.50

	15
	425
	9.12
	1.44
	4.62
	4.50
	4.38

	Average
	474.7
	9.09
	1.40
	4.51
	4.58
	4.42



Table 5: Summary of results for mass, decorticating efficiency, unshelled grain percentage, and broken grain percentage
	Parameters determined 	
	Value obtained

	Mass(kg)
	15

	Decorticating efficiency (%)
	60.6

	Unshelled grain percentage (%)
	9.3

	Broken grain percentage (%)
	30.1



3.1.4 The results of the test:
1. Machine Capacity  

2. Decortication Efficiency 

= 0.606 × 100
= 60.6%
3. Unshelled Grain Percentage 

= 0.093×100
= 9.3%
4. Broken Grain Percentage 

= 0.301×100
= 30.1%
3.2	Discussion
i. Machine Throughput
The machine throughput is the rate at which the machine completely discharges the sample fed into it. As shown in Table 4 The machine throughput capacity was 113.6kg/hr the value obtained in the study was higher than 92kg/hr obtained by Agunbiade et al., (2021) and 105 kg/hr obtained by Olatunde et al., (2022). The difference could be ascribed to differences in machine capacities and mechanism of operation. For instance, in this study, a 3.0 Hp electric motor was used. Meanwhile the study of Ebunilo et al (2016) used 0.88 Hp capacity electric motor. However, the throughput value obtained in this research is lower that what was obtained (345.4kg/hr) by Nilesh and Ashish (2017). 
ii. Decorticating Efficiency
The decorticating efficiency can simply be defined as the ratio of the total weight of the decorticating sample to the total weight of the sample fed into the machine. As shown in Table 5, the machine decorticating efficiency was 60.6%. This decorticating efficiency value obtained in this study is higher than 59.2% obtained by Kulbhushan and Deshmukh, (2017) but less than 94.75 % obtained by Amosun et al., (2021) and 95.25 % obtained by Ikechukwu et al., (2014). The different in values might be explained by the difference in the mechanics of machine operation.
iii. Unshelled Grain Percentage
The unshelled percentage of the decorticator means a mass of unshelled groundnut pods per total mass of groundnut pods fed into decorticator Nagesh and Biradar (2018). As shown in Table 5, the unshelled grain percentage is 9.3% which is higher compared with 8.92% obtained by Nagesh and Biradar (2018).
iv. Broken Grain Percentage
The percentage of broken grain of 30.1% was obtained, which was higher, compared with 6.32% obtained by Nagesh and Biradar (2018), and 4.02% obtained by Yadav et al (2022).

4.0 CONCLUSION
An electrically powered groundnut decorticating machine was developed which can be used for local production because it is light in weight, easy to operate and cost effective. Also, the repair and maintenance is cheap because the parts are locally sourced. The operational and machine test showed that the machine decorticates with an average efficiency of 60.6%, and with a throughput capacity of 113.6kg/hr, unshelled grain percentage of 9.3% and percentage of broken grain of 30.1%.
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