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Abstract 

Increasing agricultural production to keep pace with the increasing demand by the growing population is a problem that can be handled 
in many different ways; the simplest is to increase the amount of plants grown. Unfortunately, much of the farmable land has already been put 
into production, the rest is either not suitable for plant growth, or is unreachable by traditional farming implements and practices. Autonomous 
robotic drones have gained popularity in the research area of the agricultural industry because of the new opportunities they could provide. One 
possible opportunity is the ability to expand into that land that was unreachable by traditional means.

In order to determine the feasibility of this venture, a continuation of testing on an autonomous drone was done. The AgDrone is a small 
robotic drone that runs on electricity; the low center of gravity and tracks could allow it to plant wheat on grassy hillsides with slopes too 
steep for traditional equipment. This report takes the first steps in determining the ability of the AgDrone to undertake this task by looking at 
the required force needed to cut a furrow in the earth, and also the relationship between power, speed, and slippage. After field testing it was 
determined that track slippage was one of the biggest limiting factors for the AgDrone. 
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Introduction
Increasing agricultural production to keep pace with the 

increasing demand by the growing population is a problem 
that can be handled in many different ways; the simplest is to 
increase the amount of plants grown. Unfortunately, much of 
the farmable land has already been put into production, the 
rest is either not suitable for plant growth, or is unreachable 
by traditional farming implements and practices. Autonomous 
robotic drones have gained popularity in the research area of 
the agricultural industry because of the new opportunities 
they could provide. One possible opportunity is the ability 
to expand into that land that was unreachable by traditional 
means.

Continued testing of an autonomous robotic drone was 
done to determine the ability of it to cut a furrow in the earth 
without assistance of other electrical means as was tested 
in previous studies. A field test was conducted to analyze 
how the drone, the AgDrone, preformed with a simple soil 
opening tool. Separate testing was then done to look at the 
relationships between power, speed, and slippage. From these 
tests a plan can be constructed for further improvements and 
modifications of the AgDrone.

Literature Review
The electric vehicle concept has been around for a very 

long time, but traditional vehicles powered by fossil fuels  

 
have remained the more popular option. Studies have been 
conducted to compare agricultural tractors powered by diesel 
fuel to experimental vehicles powered by electricity. An early 
analysis was published in 1983 which developed a model to 
evaluate the predicted performance and potential of a battery 
powered vehicle. At the time the study concluded that while 
primary tillage would require more power than was made 
available by hypothetical vehicle, it is possible that they would 
be able to perform seeding operations [1].

In another study conducted in 1986, a battery powered 
chore tractor, the Electric Choremaster I, was constructed and 
tested to determine maximum continuous power-take-off and 
drawbar power outputs. In the study the limitation of battery 
energy density when compared to liquid fuel energy density 
was discussed was brought up, just as it was in the 1983 study. 
Because of the much lower energy density of batteries at the 
time it was found that the Electric Choremaster I would not be 
able to compare to traditional equipment in field applications, 
however it could possibly preform other smaller non-field 
tasks in a competitive manner [2].

A much more recent study has compared a fossil 
fuel agricultural tractor to an electric motor by use of a 
dynamometer. A theoretical electric tractor was made and 
the entire mass of unnecessary conventional components 
required by an internal combustion engine was replaced by 
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an equivalent mass of batteries. The tractor ballasts were 
also replaced by an equivalent mass of batteries, so as to 
have the most electrical energy storage possible, as well as 
to keep the total weight relatively constant. In this way the 
weight to power ratio could be directly compared between the 
traditional internal combustion tractor and the theoretical 
electric tractor. After the traditional tractor and electric 
motor were tested using the dynamotor the electric motor 
data was added to the theoretical values associated with the 
electric tractor. The results suggested that in medium power 
demand situations the theoretical electric tractor had superior 
torque and power to the internal combustion tractor as well 
as a higher energy efficiency. In the medium power demand 
situations, the electric tractor had the energy storage capacity 
to operate for a full eight-hour workday. In the higher power 
demand situations, the operating time was shown to be less 
than a full workday however [3].

The article from the previous paragraph touched on the 
fact that for a significant number of operations the tractor used 
is oversized for the needed operation. This can cause a wide 
range of problems including loss of efficiency, compaction, and 
increased air pollution. Because most tractors are designed 
to carry out a wide range of operations, they must be sized to 
cover all of them. It would be impractical to have a tractor sized 
appropriately for each situation. However, if a group of smaller 
electric drones were used to break down each operation into 
many smaller parts, then the operation could be based on the 
number of drones needed rather than having one tractor that 
could possibly be overpowered and inefficient. Each drone 
could operate at a maximum efficiency which would improve 
the overall task efficiency.

From a previous study it is know that this AgDrone 
approximately 275 pounds of force at .26 feet per second [4]. 
Later in that paper it is noted that based on an ASABE standard 
for draft requirements this drone would only be suitable for 
either a small grain drill or field cultivator [5].However, if the 
current traditional equipment in today’s agricultural industry 
was segmented into smaller tasks as suggested above, the 
power requirements could be sufficient.

Test Procedure

Equipment
A small robotic drone, the AgDrone, was used for this 

research. The AgDrone, shown in Figure 1, is powered by 
two 12-volt car batteries, and is remotely controlled through 
a program running on a National instruments myRio data 
acquisition system. A load cell was used to measure drawbar 
force. 

For the shank field testing a flat piece of metal was ground 
to a triangular point and mounted securely onto the AgDrone. 
The shank is pictured in Figure 2 & 3 shows the shank mounted 

on the AgDrone. A side by side utility vehicle was used in the 
slippage testing. The vehicle was light enough to be pulled by 
the AgDrone, but when the breaks were applied it was able 
to bring the drone to a complete stop with the tracks at one 
hundred percent slippage.

Figure 1: AgDrone.

Figure 2 : Mounted shank.

Figure 3 : Furrow measurement.

Shank test procedure
In order to test the ability of the AgDrone to open a furrow 

that could be used for planting purposes it was driven on 
several different soil types. The shank was mounted solid to 
the rear of the AgDrone and was made to rest on top of the soil 
and be dragged down into it as the drone moved forward. The 
first test was performed in a production crop field with loose, 
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compacted soil. Several passes through the bare earth were 
made in this field. The drone was then driven up a slight incline 
along the ditch by that field where there was a good grass cover. 
The AgDrone was finally taken to a parking lot with a mixture 
of hard bare earth and grass. It was made to cut through only 
the compacted dirt, only the grass, crossing from dirt to grass, 
crossing from grass to dirt, and traveling straight into several 
different grass clumps. Weight was added in the form of one 
person standing near the center of the AgDrone for several of 
the tests, as a comparison to what increased down-force would 
do. Pictures and videos were taken for each of these tests and 
the visual data was analyzed to produce the data.

Slippage test procedure
To test the drawbar force compared to track slippage, the 

AgDrone was equipped with the load cell which was used to 
measure the drawbar force at the hitch when it was connected 
to the side by side utility vehicle. The test was performed 
on a smooth concrete shop floor. Four tests were run, one at 
full power and three more at decreasing 25% intervals. The 
AgDrone started with no load on the hitch, then was connected 
to the utility vehicle and allowed to pull until both were moving 
at a constant speed and then brakes were slowly applied until 
the drone reached full slippage. The resulting data is discussed 
in the following section.

Data
The shank test data was collected via visual observations. 

For the field soil test the AgDrone had no trouble pulling 
through the earth. A goal of two inches was set for the furrow 
depth and was reached consistently. Pictured in Figure 4 is 
the furrow and accompanying ruts left by the tracks, Figure 
5 shows the one of the measurement tests that were made to 
check the furrow depth.

Figure 4 : Grass clump.

When the drone was moved to the grassy incline, a large 
build-up of residue that consisted of the unearth grass caused 
the shank to pull out of the ground and travel above it riding 
on the residue. When down force was applied directly to the 
shank it was able to cut back into the earth and maintain the 
desired two-inch furrow.

Figure 5 : Drawbar Force.

On the hard and compacted parking lot surface the drone 
was surprisingly still able to cut the two-inch furrow even 
travelling up a slight incline. Only when the shank came into 
contact with a grass clump was it unable to continue.

If the AgDrone was travelling at full speed when it hit the 
clump it would dig in and the tracks would begin to slip before 
it was able to move through it. If the drone was travelling at 
a lower speed however, it was sometimes able to pass slowly 
through the clump without getting caught. While some slippage 
still occurred at slower speeds, it generally was not enough to 
get the drone stuck. A grass clump hit at a lower speed with 
successful pass through.

The slippage test data was recorded through the myRio 
system. Amperage, voltage, power, speed, and drawbar force 
data points were recorded. These data points are not calibrated 
and were plotted over an increasing time frame in scatter 
graphs and analyzed. The most useful graph was the drawbar 
force graph, plotted below. The data collected by the load cell 
for each of the four runs is shown on the graph; the data shows 
that each run began with no load, increased to a maximum and 
levelled off as the resistive load began moving, levelled off, and 
then increased to the full slipping point. The data indicates that 
the max drawbar force came from the one-hundred percent and 
the twenty-five percent pulls, with the results of each relatively 
close. The seventy-five percent pull falls slightly lower and the 
fifty percent pull had the least drawbar force.

Conclusion
The field shank testing was successful in proving that 

the AgDrone is able to make a deep enough furrow to plant 
in without additional energy required. Previous testing was 
done using a high speed opening device that ran off a separate 
power source, however the high speed may cause unwanted 
compaction in the furrow that could cause yield decreases. 
With the knowledge that additional weight will be added by 
the seed metering and hopper mechanisms, the ability of the 
AgDrone to be used in planting applications looks promising. 

Further testing should be done to find the optimal planting 
speed in a low-tillage operation where anything from grass 
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clumps to rocks should be considered. With increased down 
force the speed may not have such a large effect on the ability 
of the drone to power through rough spots, but it should still 
be tested further to see what the drawbar force graph will look 
like on actual soil.
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