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Abstract

The Zimbabwean Fast Track Land Reform Programme (FTLRP) (2000) resulted in the creation of smaller
land pieces which, although beneficiary in that land was indigenised, were however not suitable for
farming most cereal crops, particularly wheat. This is because the available machines used for the
harvesting processes are mostly designed and economical for large pieces of land. In order to serve those
small scale A2 wheat farmers who have resorted to time consuming and laborious manual harvesting
methods, and to encourage those who have abandoned wheat farming completely, this paper was done to
design a mini combine harvester machine that is both affordable and economical for these farmers.
Design specifications and drawings were developed for the machine. Information for the manufacture and
assembly of the mini combine harvester was also provided, and material selection was done focusing on
the locally available and affordable materials in the country. Manufacture of this mini combine harvester
will result in profitable wheat farming by small scale farmers and will also boost the gradually declining
wheat grain production. For most practical industrial applications, a transmission shaft with span length L
(distance between two adjacent bearings), the maximum deflection & lies in the range of
0.001L<5<0.003L. In the design process, reaping and threshing systems were designed through the use of
the crop requirements. These include the mechanical and physical properties of the wheat kernel and
straw properties. The mechanical and physical properties used have been obtained from various studies
carried out on determining them, focusing mainly on the varieties being grown in Zimbabwe. The
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researchers scaled down other systems, that is reduce them in size to cater for the mini combine harvester.
The von Mises stresses were done using SolidWorks and they were in range and the weakest point was
determined.
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1. Introduction

1.1 Background

Wheat, a cereal crop, contributes immensely to the food security of Zimbabwe and most nations.
Zimbabwe, for example, needs approximately 500,000 tons of wheat annually (Gono, 2008). The
crop has high carbohydrates content (80%), 12% protein and about 5% fats. The wheat stalks and
chaff obtained after the harvesting process can also be used for animal feed. Lack of machinery
also includes lack of proper harvesting machinery.

1.2 Problem statement and objective

As a result of the continued use of inefficient, strenuous, time-consuming and laborious
traditional wheat harvesting methods by small scale farmers in Zimbabwe and most developing
nations, this research paper aims to design an affordable, efficient and maintainable mini
combine harvester machine. The machine should be locally manufactured with locally available
materials.

Figure 1. Manual Wheat Harvesting

2. Literature review

Being among the ‘big three’ cereal crops in the world, over 600 million tonnes are produced
annually in the world. For example, the year 2007saw the production of 607 million tonnes
compared with 65 million tonnes of rice and 785 million tonnes of maize (FAO, 2015). The
wheat harvesting process consists of cutting, threshing, winnowing and collecting the cleaned
grain. Methods of harvesting vary depending mostly on the size of the land. They also pointed
out that, “When harvest is delayed, shatter loss is the most-often mentioned cause of losses.
Estimates of harvest losses range from 5 to 16% for wheat and 8 to 18% for a range of different
cereal crops.” (Paulsen M, et al., 2015).
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The sickle and scythe have been in use for grain cutting for a thousand of years, and are still
being used today in most developing nations. However, this process is very time consuming and
labour intensive, it results in significant grain losses and is inadequate in allowing small scale
farmers to meet the increased demand of grain crops (Boyle, et al., 2012).

The reaper, first developed in 1830 by a Virginia farmer, Cyrus McCormick, cuts the wheat at a
specific height and leaves the cut stalk in rows beside the bed. Men then follow gathering the
bundles into sheaves (reaper-windrower), or the reaper bundles the sheaves itself (reaper-binder)
(Dvorak, 2009). Depending on their construction features (adjustability of height, width of cutter,
whether self-propelled or tractor mounted), the work capacity of these machines vary from 3-20
h/ha with grain losses lower than 2 percent. The thresher basically separates the grains from the
straws. The first stage involves putting the bundles of stalk into the feeder, which controls the
feeding rate of the machine to prevent overloading. The combine harvester, being the most
common and efficient machine for harvesting crops, is capable of doing the three basic harvest
operations (cutting, threshing and winnowing) all in one, hence the name combine harvester. The
basic units for the design of a combine harvester are the cutting, conveying and threshing units
(Raisbeck, 2004).

3. Methodology

3.1 Cutting unit

To design the reel and cutter bar, the following mechanical properties, obtained from the tensile
and bending tests carried out on wheat stalks of 15% moisture content by Chandio A. in the
comparison of the mechanical properties of wheat and rice straws (Chandio, et al., 2013) are
utilised. According to Persson (1987), the critical speed of a blade, that is the minimum speed
required to cut a crop stalk is given by;
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3.2 Threshing unit
Kassa and Abdi (2014) derived the formula for the deflection angle of the crop &c with the
vertical line as

hyp [Phy+2W(1.—xp)
2E1

Where P is the force to be applied by the reel. According to Kepner (2001), @ = QyLn

5=

Where @, = permissible feed rate for the threshing drum.

3.3 Power transmission unit
Assuming that the shafts are loaded with suddenly applied loads and minor shocks (Kx=2 and
K=1.5), the following method is used to design the shaft diameter.

V[(KyM)? + (K,T)?]

For shear d* =

TTmax

For bending
d® =

°— 0.5K, MV[(K, M)* + (K.T)?] (Khurmi & Gupta, 2005).
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© IEOM Society International 204



Proceedings of the International Conference on Industrial Engineering and Operations Management
Paris, France, July 26-27, 2018

The minimum number of teeth on the bevel gear pinion is
24,

T =
’ mJﬁ+é%+zﬁm%{-1

3.4 Stress analysis
The Simple Elastic Bending and Simple Torsion theories were used in the calculations of the
principal stresses, which were then used to obtain the von Mises Stresses.

Simple Elastic Bending Theory:

M B E o
I R y
4M
Therefore, ¢ = —
Simple Torsion Theory: = = = = 22
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Therefore, T = —;
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4. Results
4.1 Reel dimensions
The number of tine bars = 6bars

Therefore, the angular displacement of the successive tine bars is 60°.
Force to be applied = 0.1N

Diameter of reel = 800mm

Figure 2. Reel assembly
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4.2 Cutter bar

connecting rod

reciprocating cutter
bar

Figure 3. Reciprocating Cutter bar with Slider Crank Mechanism

4.3 Threshing drum and concave
Number of beater rows n = 6 rows

Length of drum L = 600mm
Diameter D = 300mm

Assume a rotational speed of N=600rpm

Figure 4. Drum and Concave Assembly

Diameter of concave d, = 420mm
Length of concave [, = 610mm

Thickness of plate t = 15mm
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4.3 Component Stress analysis

Figure 5. Cutter bar

Figure 6. Distribution of von Mises Stresses in Conveyor Shaft

Model name:reel plate
Studdy name: Static 1[-Default-]

Plot type: Static nodal stress Stress1
Defarmation scale: 1.52707e+

Figure 7. Reel Plate
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Figure 8. Drum Plate von Mises Stress Distribution

Figure 10. Final Machine Assembly

Conclusion
The mini combine harvester will result in a fast harvesting method for small scale farmers;

reduce labour and the respective costs associated with hiring labour; and give the small scale
farmers enough time to focus on other operations at the farm. The mini harvester will be more
convenient for the operator, and most importantly, reduce postharvest losses due to traditional
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methods’ use. This will increase the productivity and quality of the crops produced, allowing
small scale farmers to contribute more to the nation’s development to a greater extent. It can also
provide an alternative way for cereal crop harvesting to all farmers, preventing the loss of cereal
crops due to early rains or animals, birds in the case of cereal crops, destroying the crops.

Therefore, an increase in harvest mechanization was seen to be very important in order to harvest
crops in a fast way with minimum losses. For most small scale farmers (Al and A2), there is
therefore a need for the design of harvest machinery that is economical for them, as most of them
do not afford the machinery already present, or acquire the machinery way past the harvesting
period.
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