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2020 

 

MACHINERY AND MECHANISATION 

 

1 Precision Agriculture Systems.  With the rise in prominence in technologies 

for precision agriculture, we want to develop a platform to demonstrate these 

technologies. It is envisaged that the development of this platform will expose 

students to some challenging design problems and, once completed, will be used 

to expose and attract school pupils to a career in Agricultural Engineering by 

demonstrating the platform at marketing opportunities such as the open days 

which the University of KwaZulu-Natal holds annually. It is envisaged that the 

platform to demonstrate precision agriculture will comprise a ride-on 

lawnmower tractor with technologies such a GPS, grass yield monitor, real-time 

remote downloading and mapping in a GIS of location of yield and other 

monitored performance characteristics. Remote control of operation will Vbe 

developed and mounted on the platform over time. John Deere has sponsored a 

ride on lawn mower tractor to UKZN for this project.  In 2004 a student design 

project focussed on the measurement of grass yield and moisture content and 

further refinements and field testing of these systems are possible. Other 

alternative projects include remote control steering, monitoring other 

performance characteristics, mapping of downloaded data and translation into 

management information and the development of other sensors. For more 

information, contact Prof Smithers (Smithers@ukzn.ac.za) or Dr Lagerwall 

(Lagerwall@ukzn.ac.za). 

 

2 Development Agrivoltaics Mechanisation: With the recent success of 

agrivoltaic studies (see Fraunhofer and University of Arizona), and a growing 

trend towards more environmentally friendly transport and production systems, 

there is a need to investigate alternative mechanisation systems for agrivoltaics. 

This project would therefore involve the design, construction, and evaluation, of 

a demonstration agrivoltaic mechanisation system. For more information, 

contact Dr Lagerwall (Lagerwall@ukzn.ac.za).  

 

3 *Design and Evaluation of a System to Measure Tractor Engine 

Performance. An existing portable PTO dynamometer exists at Ukulinga with 

torque measured using pressure and hydraulic load which are manually set and 

recorded. This system needs to upgraded, modernised and calibrated up to 
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international standards with measurements of tractor power and fuel 

consumption. In addition, a control and data acquisition needs to be included to 

enable real time measurements and automatic control of an input defined test. 

The design team is required to review, design, construct, calibrate and test a 

portable PTO dynamometer which can be automatically controlled. This will 

require the design of the following components: 

 

(i) Control System 

The load control on the dynamometer is to be automated such that a typical 

engine performance assessment of infield tractor load profile can be uploaded to 

the control system and tractor loaded to simulate input load profile. 

 

(ii) Power Measurement 

It is further required that a mechanical torque meter be designed, constructed 

and calibrated to accurately measure both torque and speed. 

 

(iii) Fuel Consumption 

A system needs to be designed, constructed and calibrated to measure fuel 

consumption during the testing. The system needs to be easily transferable 

between tractors for testing with minimal interference in the tractor fuelling 

system. 

 

(iv) Data Acquisition and Processing 

Development of a data acquisition system to log all the variables measured and 

to use the data to determine the performance of the tractor. 

 

A design team started on (ii) and (iii) in 2018, but did not complete these. The 

focus for 2019 will be completing (ii) and (iii) and developing (i) and (iv). For 

more information, contact Prof Smithers (Smithers@ukzn.ac.za) 

 

4 Agricultural Machinery Robotic Demonstration Units. This project will 

design and develop remote controlled agricultural machinery robotic 

demonstration units. These could include any agricultural machinery system and 

it is envisaged that the unit could be used to interact with potential students at 

the University of KwaZulu-Natal annual open days. For more information, 

contact Prof Smithers (Smithers@ukzn.ac.za) or Dr Lagerwall 

(Lagerwall@ukzn.ac.za). 

 

5 Modifications of a Double Disc Sugarcane Planter for Zero-Tillage 

Planting.  This project aims at the development of a planter that suit direct 

sugarcane planting into sunhemp and/or soy bean stubble using knocked over 

or mulch mowed technique. The planter should provide mechanism for 

covering, and feeding. The planter should provide a zero-till planting for re-

establishing of sugarcane plantation using seedlings. This can be done with 

possible review and modifications to existing seedling planters and design 

costing of appropriate seedling nursery system included (automated) irrigation 
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and fertigation system as well as bud-chipping/cutting system. For more 

details contact: Prof Neil Lecler (Neil.Lecler@tongaat.com), Prof Smithers 

(Smithers@ukzn.ac.za) or Prof Workneh (Seyoum@ukzn.ac.za). 

 

6 Development of Automated Drawbar Hitching and Unhitching Mechanisms 

for the Haulage Vehicle.  Unitrans utilises an increasing number of rigid-

drawbar haulage combinations in its sugar operations throughout East Africa. 

Due to the unpredictable nature of infield conditions (soil types, field layouts, 

irrigation types, topography and so on) it is often preferable to unhitch the 

drawbar trailer from the line haulage truck at the field edge and pull it through 

the field using a better-suited four-wheel-drive agricultural tractor. Once full, it 

is then necessary to unhitch the trailer at the field edge and reconnect it to a line 

haulage unit. Currently the hitching and unhitching process is performed 

manually and involves the manual lifting of the trailer drawbar. The drawbar is 

heavy and although the weight is partially supported by springs, it still requires 

at least two individuals to lift. This process is less than ideal as it places people 

in close proximity to the “pinch-point” that exists between truck and trailer 

during the hitching and unhitching process. Furthermore the driver relies on 

hand signals to reverse the vehicle into position which can also be time 

consuming. What is required is an efficient means of hitching and unhitching the 

drawbar to the haulage vehicle without the need for direct human involvement.  

For more information, contact Mr Bruce Fraser (Bruce.Fraser@unitrans.co.za), 

Prof Smithers (Smithers@ukzn.ac.za) or Dr Lagerwall (Lagerwall@ukzn.ac.za). 

 

 

7 Development of System to View and Analyse Cutting. Falcoln Equipment 

produce a range of rotary cutters/slashers. The grass cutting machines are 

typical and also there are other machines which require this facility. Designers 

are interested in analyzing the cutting patterns during a slashing operation and 

potentially linking this to power requirements. Using cheap G0-Pro cameras to 

record what is happening underneath the cutters during operation allows 

generation of useful data that is helpful for designers. This will require the 

design, development and testing of a machine vision system to view the cutting 

operation and the simultaneous measurement of power requirements,  For 

further information, contact Mr Joe Spencer (jspencer@mweb.co.za), Prof 

Smithers (Smithers@ukzn.ac.za) or Prof Workneh (Seyoum@ukzn.ac.za). 

 

8 Design, construction and performance evaluation of fan ventilation system 

for soft wood kiln drying.  Due to the apparent extremely high efficiency of an 

“axial flow vortex” fan concept, where precision in the circumfural aperture is 

key to its success, the industrialization of such fans for use in a Timber Drying 

Kiln for soft woods could cut costs as these kilns run 24/7 for 340 Days per 

year. In small Soft Wood Kilns the power required can be approximately 40 kW 
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and range up to 160 kW in large kilns. All these kilns have their electric motors 

mounted inside and run in extremely hot conditions up to 110ºC at near 100% 

relative humidity. This needs very expensively made electrical motors to 

withstand these conditions. Using an “axial flow vortex” type of fan in kilns, it 

would be possible to have a Compressor Pump of the correct type outside and 

pipe it into the kiln by a large manifold type system, with these Vortex type fans 

mounted on this special manifold which must allow the fans to swing through 

180º to enable reverse flow inside the kiln every 3 hours to ensure even drying 

throughout the loads inside. An “axial flow vortex” fan could potentially save 

energy and enable the use of normal IP55 Electric motors, saving costs and 

downtime, make maintenance very easy as temperatures used inside the kiln 

will then not be a limiting factor any more. In adition, both capital and operating 

costs could be lowered substantially, if the concept can be Industrialized. For 

further information, contact Mr Henri du Plessis (henri@newsaw.co.za), Prof 

Smithers (Smithers@ukzn.ac.za) or Prof Workneh (Seyoum@ukzn.ac.za). 

 

IRRIGATION, SOIL AND WATER ENGINEERING 

 

9 Development of Automatic Soil Sampler: The main goal of this project will be 

to automate the laborious task of soil sampling. As precision agriculture 

becomes more established, the need for detailed soil maps becomes ever more 

important. Current practice is to have evenly spaced transects of the field 

mapped and manually sampled, or random, ad-hoc points are sampled due to 

time constraints. With an automatic sampling system, we will be able to 

generate more detail around areas of concern, or generate high-resolution maps 

for an entire farm. Sampling can also be performed at regular intervals for 

monitoring changes over time. For more information, contact Dr Lagerwall 

(Lagerwall@ukzn.ac.za). 

 

10 Development of a Low-Cost Water Flow Meter. Irrigation water flow in 

pipelines need to be measured volumetrically at individual abstraction points. 

Farmers frequently do not install water meters because of the high cost of water 

meters commercially available. This project will focus on the design, 

development and assessment of a low-cost meter with acceptable accuracy and 

durability. For further information, contact Mr Tienie Prinsloo 

(boeboe@SAILI.co.za), Dr Aidan Senzanje (Senzanjea@ukzn.ac.za) or Prof 

Smithers (Smithers@ukzn.ac.za). 

 

11 Development of Automatic Soil Sampler. The main goal of this project will be 

to automate the laborious task of soil sampling. As precision agriculture 

becomes more established, the need for detailed soil maps becomes ever more 

important. Current practice is to have evenly spaced transects of the field 

mapped and manually sampled, or random, ad-hoc points are sampled due to 
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time constraints. With an automatic sampling system, we will be able to 

generate more detail around areas of concern, or generate high-resolution maps 

for an entire farm. Sampling can also be performed at regular intervals for 

monitoring changes over time. For more information, contact Dr Lagerwall 

(Lagerwall@ukzn.ac.za). 

 

12 Further Design, Construction and Evaluation of a Variable Rate Irrigation 

(VRI) Systems Based on Real Time Soil Measurement: In 2019, the proof of 

concept of the VRI system based on real time soil measurement was initiated 

and reasonable progress made.  The project fell short on a number of aspects, 

especially the actual real time soil measurement, control systems and feedback 

loops to make the VRI really operational.  Interest in VRI system has been 

expressed by a number of interested stakeholders.  The aim of this project is, 

therefore, to further develop the VRI system, especially the control systems and 

actual application of water to the soil based on real time soil moisture 

measurement.  The design team will need to focus on soil moisture estimation 

using low energy microwaves, the communication between the sensors and VRI 

applicators and link this to the forward speed of the irrigation system, and the 

mobile irrigation system. For further discussions please see Dr A Senzanje 

(SenzanjeA@ukzn.ac.za) or Dr G Lagerwall (Lagerwall@ukzn.ac.za)   

 

13 *Development of a Low-Cost Device for Automating Flow Metering in 

Furrow Irrigation Feeder Canals. The design team who select this project will 

first consider the review of available flow measurement options which will be 

followed by a review of automatic measurement and data transmission 

technologies. The design team will be expected to design, build and calibrate a 

prototype. There will be potential support from Joat, Flowmetrix, Pylot Systems, 

Tongaat Hulett. The challenges of this project include: cost, power supply, 

connectivity in remote locations, security. For further information, contact Dr 

Neil Lecler (Neil.Lecler@tongaat.com), Prof Smithers (Smithers@ukzn.ac.za) 

or Prof Workneh (Seyoum@ukzn.ac.za). 

 

14 A Minimum Tillage Sugarcane Speedling Planting System. The review of 

available options with associated costings will be considered. Based on the 

findings from literature review the team will required to design and manufacture 

a planting-hole-puncher that will assist in the improvement of the productivity 

of the production and nursery systems. The design the should also test and 

evaluate cost benefit of the overall planting system, including associated 

logistics. This is a potential support from Roadking, Unitrans, Tongaat Hulett, 

SASRI. Dr Neil Lecler (Neil.Lecler@tongaat.com), Prof Smithers 

(Smithers@ukzn.ac.za) or Prof Workneh (Seyoum@ukzn.ac.za).  

 

15 Development of Fluidyne Pump with Tesla Valve: The use of a solar-thermal 

pump would be suitable for anyone wishing to work off the grid, and would be 
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especially effective for operations that require water, such as plant nurseries, 

during the rolling blackouts that are common in South Africa. A Sterling motor 

has a piston operating between a hot node and a cold node, with the hot node 

being heated externally. When the mechanical piston is substituted with fluid, it 

is known as a fluidyne motor. This is advantageous as the number of mechanical 

parts is reduced to zero, and power loss due to friction can be substantially 

reduced. A fluidyne motor can be easily converted to a pump, with the addition 

of non-return valves. During the “compression” stroke, a fluid can be drawn into 

a holding chamber through an inlet pipe, and during the “expansion” stroke, the 

fluid will be expelled through an exit pipe. 2 There have been previus attempts 

at this project which one can learn from. The additional feature that will make 

this project unique, is the inclusion of a 3-D, axially-rotated, Tesla valve, which 

can be fabricated using our 3D printers. This project will require students to 

design, construct, and evaluate the performance of a solar-thermal fluidyne 

pump incorporating Tesla valves. Part of the analysis will include different 

valve configurations. For more information, contact Dr Lagerwall 

(Lagerwall@ukzn.ac.za). 

 

16 Development of Irrigation Guidance System: A small engineering company 

has developed a prototype self-propelled travelling irrigation system for use on 

sports fields and gardens.  An irrigation sprinkler is mounted on a 3-wheeled 

support frame which is propelled using the pressure of the water supplied to the 

unit via a trailing hose.  The developer would like a simple and inexpensive 

guidance system to be developed for the system, to guide the unit within a 

defined area on a sports field or within the grassed area of a garden.  It will be 

necessary to ensure that the unit not only operates within a defined spatial 

boundary, but also that water is applied uniformly.  It is recognized that there 

may be many existing different types of guidance systems in use in precision 

agriculture and other industries.  However, the emphasis of this project should 

be on the development of an inexpensive guidance system for small scale 

applications, but with an acceptable degree of spatial accuracy.  The 

development of a suitable inexpensive guidance system could potentially have 

other applications in small scale precision agriculture. For more information, 

contact Dr David Clark (ClarkD@ukzn.ac.za) or Prof TS Workneh 

(Seyoum@ukzn.ac.za). 

 

 

ENERGY AND ENVIRONMENT 

 

17 *Further Development of a System to Measure Draught Forces and Power 

during Tractor Field Operations. To predict the performance of a tractor-

implement combination during field operations it is necessary to measure the 

forces between the tractor and implement and speed of operation. A three-point 
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hitch dynamometer frame has been designed and constructed and one transducer 

has been manufactured. It is necessary to design and develop a system to 

accurately calibrate the transducers and to develop a data capture system during 

field operations. For further information, contact Prof Smithers 

(Smithers@ukzn.ac.za) or Prof Workneh (Seyoum@ukzn.ac.za). 

 

18 Development of a Portable Solar Pumping Kit. A portable solar pumping kit 

is required for small-scale agricultural produce growers in Malawi. A 

wheelbarrow type arrangement with 2 x100 W solar panels folded/hinged 

together was identified as one of a potential design alternative. The moveable 

solar kit supplies a 250-500m2 drip kit. It is a great potential project and doable 

as design project. Mr Alasdair Harris (aharris@fesmw.com), Prof TS Workneh, 

Prof JC Smithers. 

 

 

STRUCTURES AND ENVIRONMENTAL CONTROL 

 

19 Development of Solar Updraft Tower: There is an increasing demand world-

wide for renewable energy, and off-grid energy production, especially in rural 

agricultural settings. Other requirements in rural agricultural areas include sun-

drying of produce, and rainwater harvesting. Towards this end, a Solar Updraft 

Tower, has the potential to address all three of these requirements. The goal of 

this project will be to design, construct and evaluate the performance of a solar 

updraft tower, that addresses all three aspects of energy generation, water 

collection, and sundrying. Additional aspects or keywords for consideration 

include hyperboliccurves, Schauberger, Vortex engine, Fibonacci/Golden spiral 

turbine. For more information, contact Dr Lagerwall (Lagerwall@ukzn.ac.za).  

 

20 *Development of Control System for an Improved Chicken Brooder. 

Approximately 60 % of chickens hatched in rural area of Africa die during the 

first eight weeks of their life. Hay-box brooding technology is a potential 

solution. This simple technology has achieved excellent results and acceptance 

in eastern Africa, not only by small scale farmers, but also with policy makers. 

The technology makes use of cheap and locally available materials. It deals with 

insulation and conservation of the metabolic heat of the chicks, to keep them 

warm during the cold periods of the day, particularly during the cold season. 

The use of a hay-box brooder also has the advantage of providing protection 

against predators and reduces the risk of exposure to disease through 

confinement. Abnormally high chick mortality (up to 40 %) has been recorded 

during long rainy seasons. Another challenge is the presence of external 

parasites, which tends to develop in the fibrous, bulky and dry organic 

substances used as insulation materials for heat conservation. Heavy infestations 

encountered under rural household conditions have resulted in stunted and 
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retarded growth of baby chicks. Ants can attack the hay-box technology, which 

may result in total losses indicating the urgent need to improve the existing hay-

box chick brooding technology. Based on the existing information, a small 

brooder with solar, biomass thermal energy conversion system was developed 

and tested for its performance in creating comfortable environment for rearing 

chicks during 2017. However, control systems to maintain inside air 

temperature, relative humidity and gas compositions are required to ensure the 

systems operate within the brooder physiological requirements. For more 

information, contact Mr Rickus du Plessis (RDuPlessis@nwpg.gov.za) or Prof 

TS Workneh (Seyoum@ukzn.ac.za). 

 

21 Development of Aquaponics Control System: An aquaponics display tank has 

already been constructed by some vac-work students. The idea behind this is to 

be used as a display during open day events. The goal of this project is to 

incorporate some automation and control into this system. Examples include a 

scheduled feeding, flow control, temperature control, etc. Ideally linking sensors 

that measure for example air temp., water temp., water nutrients (at least pH), 

and sending a signal to the user when values exceed a preset limit, and also 

displaying these values on a screen as part of the display. For more information, 

contact Dr Lagerwall (Lagerwall@ukzn.ac.za). 

 

22 Design, Construct, and Evaluate a Modular, or Scalable, Cost-Effective, 

Insect Farm: With a growing global human population, it is becoming 

necessary to explore alternative sources of sustenance. There are over 1600 

species of edible insects in the world, and although reviled by some, they are an 

under-utilised food source that can aid in feeding our growing population. 

Insects are rich in protein, vitamins, and minerals, and have a food conversion 

efficiency up to six times that of beef cattle. Additionally, insects tend to have 

less of an impact on the environment when compared to beef cattle. The aim of 

this project is for students to design, construct, and evaluate a modular, or 

scalable, cost-effective, insect farm. For more information, contact Dr Lagerwall 

(Lagerwall@ukzn.ac.za). 

 

23 Development of Automated Hop Growing Structure. With the growth of 

craft breweries in recent times, attention is being focused on the supply of 

ingredients required to make beer. With SAB owning all the hop farms in South 

Africa, and exorbitant importation fees, it is almost impossible to compete with 

them on an equal footing. As a result, some craft breweries are looking to secure 

their supply by growing their own hops. However, hops have very specific 

requirements regarding sunlight and other abiotic factors, which limit their 

natural growth to specific regions in the world. The aim of this project would be 

to design, construct, and evaluate a modular, cost-effective system which can 

grow hops under a controlled or semi-controlled environment anywhere in the 
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world. For more information, contact Dr Lagerwall (Lagerwall@ukzn.ac.za) or 

Prof Workneh (Seyoum@ukzn.ac.za). 

 

 

FOOD PROCESS AND FOOD MACHINERY ENGINEERING 

 

24 *Further Development of Sweet Potato Storage Roots Peeling Machine: 

Cassava and sweet potato storage roots are irregular in shape, which makes it 

hard to automate the peeling of the skin from the roots. Hence, they are 

generally peeled using a sharp knife. This is a slow process, inefficient use of 

labour and causes high levels of waste from the storage roots. Therefore, the 

challenge is to develop a more efficient, low-tech, and medium-tech peeling 

machines / knives for the storage roots of cassava and sweet potato. Design 

considerations include: Speed per storage root, how many roots can a person 

process in 10 minutes; how tiring is the process; what is the waste level, i.e. of 

good flesh cut off with the skin; efficiency in removing all skin and dirt, how to 

mechanize the process for commercial factories; how is this task performed at 

the many cassava processing factories in Thailand? For more information, 

contact Dr Alaika Kassim (KassimA@ukzn.ac.za), Prof TS Workneh 

(Seyoum@ukzn.ac.za) or Prof M Laing (Laing@ukzn.ac.za). 

 

25 *Development of an Improved Cassava/Sweet Potato Storage Roots Grater: 

Once the root has been peeled, the next job is often to grate the storage root into 

shavings that can then be dried in the sun, to preserve the material, and to drive 

off cyanide from the cassava roots. The International Institute of Tropical 

Agriculture (IITA) has developed various designs, and the Chinese have 

manufactured various graters of cassava. The best design is a rotating disk with 

a metal grater. However, that is hard to sharpen. So, the issue is then how to 

make a disk that is easy to sharpen the cutting edges. The engine can designed in 

such a way that a person manually turning a flywheel or it can be connected to a 

bicycle drive chain or to an electric motor. In South Africa, there are machines 

in most butcheries to chop up biltong into chips. How is this designed? How 

easy is it to sharpen? Could this design be adapted to sweet potato and cassava 

storage roots? For more information, contact Prof TS Workneh 

(Seyoum@ukzn.ac.za) or Prof M Laing (Laing@ukzn.ac.za). 

 

26 Development of Domestic Electricity Free Cooling System. Food waste 

exceeds 35% worldwide. In particular, fresh produce tends to go bad before 

people can eat it, where people do not have access to a refrigeration unit, which 

is the majority of people in Africa, both urban and rural. High value products 

such as fresh meat, fresh fish, dairy products, fruit and vegetables go bad 

quickly in the heat of Africa. Design considerations are: assume that no 

electricity is available to the user, the users will be relatively poor, and will not 
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be able to buy a sophisticated photovoltaic panel, low efficiency of cooling is 

acceptable if it is reliable and extends the life of fresh produce, a cage of about 

500 mm x 500 mm x 500 mm covered on cotton gauze, with a water pan 

underneath the cage, and water circulates due to capillary force. At its extreme, 

one could use a solar powered fan inside a “whirley bird” at the top of the 

chimney. Moreover, the design questions include (1) what size / volume cooler? 

(2) what dimensions to the charcoal unit? (3) design the water dripper system (4) 

design the drip tray, (4) chimney diameter and height, (5) what difference does it 

make to paint it black? (6) will a heat sink at the base of the unit be useful? and 

(7) measure the temperature in the cooler at various times of the day and in 

different seasons. For more details, contact Prof TS Workneh 

(Seyoum@ukzn.ac.za). 

 

27 *Development of Rapid Hot Water Treatment Unit for Tomato Postharvest 

Handling. Post-harvest losses of tomato fruit due to several diseases (e.g., 

anthracnose, sour rot and stem-end rot) impacts its production and profitability, 

with losses estimated at 15-30%. In practice, we have measured losses of 0 to 

100% with locally available fruit purchased at supermarkets in Pietermaritzburg. 

The diseases affect the fruit quality, marketability and shelf life of tomato fruit. 

Despite heavy application of fungicides pre-harvest, there is little or no 

continued control post-harvest. This must be an even bigger problem with 

international exports sent in containers. The aim of this project is therefore to 

design and develop the Rapid Hot Water Treatment Prototype Unit that will be 

needed to evaluate and scale-up the technology on scale. This will help in the 

process of developing working plans and pilot equipment for packhouse 

operations. For more information, contact Prof TS Workneh 

(Seyoum@ukzn.ac.za), Dr A Kassim (KassimA@ukzn.ac.za) or Prof M Laing 

(Laing@ukzn.ac.za).  

 

28 Development of Grain Roaster: Brewing beer is a popular pastime for many 

people around the world. The microbrewery industry within South Africa is also 

booming. However, most of the ingredients required for brewing in South Africa 

are either imported, or sold through SAB, and as such are rather expensive. 

Furthermore, specialty grains that have been roasted to varying degrees (thereby 

producing different flavours) are significantly more expensive than plain pale 

malted barley. The goal of this project therefore, is to design, construct, and 

evaluate a small-scale malt roasting machine. The method is very similar to that 

of coffee roasting machines, but with a larger quantity and different type of 

grain. The ideal solution will incorporate some form of control system, whereby 

the user could select the type of roast desired and let the machine take care of 

everything else. For more information, contact Dr Lagerwall 

(Lagerwall@ukzn.ac.za). 
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