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ABSTRACT 
The challenge faced in harvesting particular fruit crops is one of the contributors to low production levels seen in a small 
tropical developing country.  As such, the fruits are being imported and their price on the local market has increased.  As part 
of a solution, this work looked at presenting a mechanical fruit picking device which could assist in the reaping process.  
Requirements for the device were gathered from local farmers and the device was designed, built and tested for various fruit 
crops.  The testing showed good results with citrus, avocado, sapodilla and five fingers. 
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1. INTRODUCTION 
Currently in Trinidad and Tobago, farmers are unwilling to plant certain fruits such as citrus, avocadoes and papaya 
due to the difficulties faced in harvesting the crops because of labour shortages.  Most of the fruits are meant for the 
fresh market and most of the harvesting is still done by manual, non-mechanical means resulting in a labour intensive 
and expensive process [2].  The challenges include harvesting the fruit in an unblemished form, protecting the integrity 
of the trees or plants from which the picking is being done and ensuring the safety of the labourers [4].  Current forms 
of harvesting include shaking the trees by hand, climbing the trees and using ad-hoc pickers made out of scrap 
material.  These methods all cause damage to the fruit [3], trees and persons.  In recent times therefore, this has 
contributed to the decrease in the production of certain fruits and thus the importation of certain fruits has increased. 
This has meant that the fruits are available at a higher cost to consumers.   
 
Farmers indicate that fruit picking devices could provide assistance with the current situation.  Devices with some 
mechanical assistance, so that brute force is not necessary, poles that could reach fruit up to three and a half metres and 
picking mechanisms that would not blemish the fruit are required.  The aim is not necessarily harvesting in large 
amounts since the local market is small, however, the emphasis is on ease of use and affordability which is what a few 
markets are looking for [5].   
 
This work thus, looked at the design and testing of a mechanical fruit picking device, which would assist in the reaping 
of fruits such as avocadoes, papaya and citrus.  The device would maintain the structural integrity of the fruit and be 
reasonably priced for the average farmer.  It would also have to be durable and portable.. 

2. METHODS AND MATERIALS 
This section of the paper details the method used, the final design of the fruit picking device, the supporting 
calculations and the materials selected. 
 
2.1 Method 
The design process outlined in figure one was used to develop the fruit picking device.  It should be noted that the 
design, build and test phases were cyclical as they often are in design projects. 
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Figure 1 Showing the design process utilized 
 
2.2 The Final Design 
Based on interviews with farmers, the final design requirements included the following: 
 
Weight: The fruit picker should be lightweight. 
 
Mobility: The device should be easy to maneuver.  
 
Simplicity of operation: The picker should be easy to use. 
 
Safety: The design should include safety features. 
 
Durability: The device should have the ability to withstand harsh conditions such the weather, longevity and improper 
usage. 
 
Cost: It should be affordable. 
 
Efficiency: The picker should have the ability to pick the fruits without damages in a specified period of time. 
 
Concepts were generated and a final design chosen using the Pugh’s Matrix.  The final design of the fruit picker was 
mechanical, requiring very little human effort to operate.  Figure 2 shows the fruit picking device.  The design 
comprised a cutting/sniping blade, an angle adjustment for the fruit picker head and a telescoping rod to allow for 
reaching heights.  The moveable sniper blade could be activated by pulling on a control rope which causes the sniper to 
close in on and cut the stem of the fruit.  When the pulling force is removed, the retraction spring will return the sniper 
to the original position.  The sniper control rope retractor also facilitates the extension of the telescoping rod while 
keeping the rope in tension.  The fruit picker neck assembly comprised a worm gear drive, coupled to an inner 
telescopic shaft which spans the length of the outer fiber glass telescopic pole. The other end of the inner shaft was 
coupled to a spring load knob, which when turned transferred rotational motion to the worm gear drive thus adjusting 
the vertical angle of the fruit picker head. 
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C. Supporting Calculations 
This section details some of the specifications of the picker and the associated calculations. 
The telescoping rod 
The fruit picking device had the following specifications: 
 Unloaded fruit picker head =  7N 
 Max permissible load on fruit picker  = 15N 
 Weight of telescopic rod  = 7N 
 Max extendable length = 3.66 m 
 

 
 

Figure  2 Drawing of the fruit picking device 
Given the following assumptions/ considerations the shear force and bending moment diagrams were generated for the 
telescoping rod as shown in figures 3 and 4 respectively. 
 The nature of the fruit picker follows that of a cantilever 
 The weight of the loaded fruit picker head acts at the free end of the telescopic pole 
 Neglecting the length of user arm 

 
Figure 3 Showing Shear Force Diagram for the telescoping rod 

 
 

 
Figure 4 Showing Bending Moment Diagram for the  telescoping rod 
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The gear specifications are shown below. 

 
 
 

Figure 5 Showing worm gear drive 
 

 
Spring Design 
The force extension characteristic for the spring was derived experimentally and thus the force required by the user to 
activate/ operate the cutter could be found.  Graph one below shows this. 
 

 
Graph 1 Showing the force extension characteristic for the spring  used 

D. Material Selection 
Materials were selected based on the expected prototype properties, processing, design and intended environment.  The 
telescopic pole should be light to withstand various forms of stresses due to loading and collision impact, it should also 
be able to flex. Figure 6 shows a range of possible materials and gives a comparison of their specific stiffness to their 
specific weight.  Figures 7 and 8 give a comparison of materials strength compared to their toughness. The discussed 
material characteristics were applied to the charts and the determined telescopic pole material was narrowed to either 
be a composite material, in particular Glass-fibre Reinforced Plastic (GFRP) usually called fibre glass or, Aluminum an 
alloy. Though they both have similar ranges in characteristics required for the telescopic rod, when compared to each 
other the characteristics of fibre glass material surpasses that of aluminum in specific strength (strength to weight 
ratio), flexibility, toughness and strength and though the cost of an aluminum pole is cheaper than that of fibre glass 
there is a trade-off of cost for strength because of the harsh conditions the picker will be subjected to. 
 
It was also determined that the fruit picker head and blade should be light weight, to afford for little or no corrosion 
and rust and it should be able to withstand various forms of stresses. Table 1 shows a range of carbon steel and their 
applications. The fruit picker head was fabricated from structural steel (mild steel) specifically 1020 carbon steel, 
whereas the cutter/ sniper was made of high carbon steel specifically with a carbon content of between (0.55 and 0.95) 
percent. As the hardness increases, the blade becomes capable of taking and holding a better edge, but is more difficult 
to sharpen and more brittle (less toughness the material possessed). The material selected for the blade will had a 
carbon content of 0.75 (1075 carbon steel), typically the same material used for machetes and shears. 
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Figure 6 Showing the relationship between stiffness and strength for a range of materials [1] 

 
 

Figure 7 Showing the relationship between toughness and strength for a range of materials [1] 
 

 
Figure 8 Showing the relationship between toughness and strength for a range of materials [1] 

 
Table 1 Showing carbon steels and their applications 
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3. RESULTS 
After the device was built it was subjected to a series of vigorous testing to determine if it met the design specifications/ 
requirements. In addition tests was also done to determine the maximum allowable weight the fruit picker could 
withstand whilst functioning the way it was designed too; and also the  determination of the shearing capacity of the 
blade. 

 
Durability was the first design specification/ requirements that were tested.  Using a real world scenario the fruit 
picking device was subjected to harsh weather conditions which included rain fall and sunshine; thus ensuring the 
material used could withstand the conditions. The device was also subjected to mistreatment such as impacts. The 
simulating impacts were accomplished by hitting a wall or a tree whilst maneuvering and throwing on the ground after 
use instead of proper storage after use.  The fruit picking device showed good resilience throughout the tests. 

 
Next, the maximum allowable weight the fruit picker could withstand was tested.  The test was performed with the rod 
being fully extended and loads being added in increments to a point where the angle of the fruit picker head could be 
adjusted by the turn of the angle adjustment knob. It was determined that the maximum allowable weight the device 
could withstand was 3lbs, 1.36kg or 13.6N. With the maximum allowable weight mentioned the telescopic rod had 
bending but no fractures. 

 
To determine the shearing capability of the blade a variety of fruit stems were selected ranging from; sapodilla, mango, 
orange and avocado with sapodilla being the least tough to shear and avocado being the toughest. The fruit picker was 
able to cut all the fruit stems named. 

 
The device showed good initial testing results and gives the basis for further development of the design. 
 
4. DISCUSSION 
After the fruit picker was assembled, it was subjected to a variety of tests. During these tests, observations were made 
with respect to the load and its effects on the rod and the ability to adjust the angle of the fruit picker. As the load 
increased the turning resistance to adjust the angle of the head increased, also loading and extended length was directly 
proportional to the bending of the rod and as load and length increased the bending of the rod increased. As the load 
increased more effort was required by the user to maneuver the rod; this was due to the effects of moments and moment 
of inertia acting on the user.  
 
The force required by the user to snip the stem was proportional to the hardness of the stem. From testing the 
maximum shearing capability of the blade indicated that it could shear a stem with equivalent toughness of an avocado 
stem or softer.  

 
The fruit picker was also specifically designed to assist famers to pick citrus eg, portugal, grapefruit, lemon, lime etc…. 
The fruit picker was subjected to picking these fruits to ensure the design of the blade was not only capable of snipping 
these stems but also to obtain an average force required to pick these fruits. In addition, test was repeated numerous 
times on individual fruits because of the fact that no two stem of a particular fruit could be the same.   The device 
showed good capacity for cutting the stems repeatedly. 

 
The fruit picking device was also tested on other fruits; such as avocadoes, five fingers, sapodillas and so forth to 
ensure that it was capable of snipping the stems. Even though this fruit picker was designed to pick citrus, it showed an 
ability to cut the stems of the other fruits mentioned. 
5. CONCLUSION 
The fruit picking device presented showed good capability for picking citrus, avocado, sapodilla and five finger fruits.  
This work provides a good basis for further development of this device. 
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