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ABSTRACT

This project consists of the design, construction, and evaluation of an ATV mountable tree
planting station. The project was carried out with the goal of designing and fabricating a piece of
machinery that could be easily towed by an ATV and would reduce the amount labor involved
with planting tree saplings. The catalyst for this project was the need to replant a 40 acre piece of
property in Bozeman, MT that has recently been logged.

The design contains a gasoline driven auger with a three inch earth auger bit for making holes, a
water tank for applying water and fertilizer to new saplings, and a container for holding bulk
amounts of tree saplings. The auger is counterbalanced on a pivot arm so it can be easily
operated by a single person. The machine was designed and fabricated to be used specifically
with a Yamaha Grizzly 700 ATV.

The effectiveness of the ATV mountable tree planting station was evaluated based on the ease of
operation and the success of the auger digging a hole large enough to insert a tree sapling. The
machine was tested in several different soil types to test effectiveness in varying terrain. The
machine was also loaded and towed to ensure it could perform in the terrain it was designed to be
used in.



DISCLAIMER STATEMENT

The university makes it clear that the information forwarded herewith is a project resulting from
class assignment and has been graded and accepted only as a fulfillment of a course requirement.
Acceptance by the university does not imply technical accuracy or reliability. Any use of the
information in this report is made by the users at his/her own risk, which may include
catastrophic failure of the device or infringement of patent or copyright laws.

Therefore, the recipient and/or user of the information contained in this report agrees to
indemnify, defend and save harmless the State its officers, agents and employees from any and
all claims and losses accruing or resulting to any person, firm, or corporation who may be injure
or damaged as a result of the use of this report.
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INTRODUCTION

Background

Logging is a large industry and one that will not soon disappear. Trees are cut and removed for
numerous uses and once a piece of land has been logged it can take years for the land to reforest
through natural means. Tree saplings can be planted in order to speed up the process of
reforestation. Planting hundreds of saplings by hand takes a large amount of manual labor.

Justificat:~~

Recently, forty acres of land in Bozeman, MT owned by Robert Rogers has been almost
completely logged due to a pine bark beetle infestation and necessary forest fire precautions.
Roughly two thousand pine trees were removed from the area and it is now almost barren. The
natural repopulation of pine trees is a slow process and takes years for saplings to begin
sprouting. If pine tree saplings could be transplanted, the amount of time needed to reforest the
area would be significantly reduced. The amount of time for tree saplings to grow is large, but
eliminating the time it would take for the trees to germinate from natural left over seeds would
speed up the reforestation process significantly. Transplanting pine trees by hand is a labor
intensive process. An aid that could reduce the amount of work needed to transplant pine trees
would be ideal.

Objective

The goal of this project is to design an implement that can be towed by an ATV in semi-rough
terrain and that significantly reduces the amount of manual labor involved with transplanting
bulk amounts of tree saplings. The implement will be able to be operated by a single person and
will carry a large quantity of tree saplings. The amount of manual labor and time needed to plant
a bulk quantity of tree saplings will be reduced significantly as compared to transplanting the
saplings by hand. The transplant aid will contain all the necessary features for a successful pine
tree transplant. It will include a water tank, an auger, a storage area for a bulk amount of tree
saplings, and hitch so that the implement may be towed by an ATV.



LITERATURE REVIEW

The agricultural industry has made significant advances within the area of crop transplanting.
Currently on the market there are both mechanically driven transplanting implements and fully
automated transplanting machines. These machines can be used to transplant a variety of crops
and can either be implements that are towed behind a tractor, or self sufficient machines that are
capable of moving themselves throughout a field. Other implements that are currently on the
market within the agricultural industry are augers and soil coring devices. Augers can be driven
by the PTO of a tractor, a hydraulic pump, or gasoline engines. Soil coring devices can be
manually operated such as soil profile samplers, or they can be hydraulically driven.

Mechanical Transplanting Implements

Mechanical transplanting implements are most often towed behind a tractor and utilize
machinery that is mechanically driven off of a gauge wheel that meters the crop into the soil at a
set soil depth and plant spacing. This type of transplant aid is very common in the tomato and
row crop industry. Mechanical transplanting aids can have multiple stations that will insert
transplants into multiple crop rows in a single pass. These larger transplanting aids are often used
for larger fields and when larger tractors can be used to pull them.

The mechanical transplant aid utilizes a set diameter gauge wheel that rolls in a straight line
parallel to the direction of the tractor. The gauge wheel is connected to a drive that forces a
plunger into the dirt at a set depth. As the tractor pulls the transplant aid, a plow at the front of
the aid is used to break up the dirt, making it easier for the crop to be inserted into the soil. The
plunger is the mechanism that physically moves the crop and inserts it into the soil. Once the
crop has been inserted into the soil by the plunger, compaction wheels force the plowed dirt back
into place so that a good connection between the crop and surrounding soil can be made. The
compaction wheels and gauge wheel can be seen below in Figure 1. This process happens at a
continuous rate that is based off of the diameter of the gauge wheel and any gear ratios that may
occur between the gauge wheel and plunging device.

Figure 1. Rotary One Transplanter (Holland, 2014).



Mechanical transplant aids still require human labor and human interface in order for them to
function. The seedlings must be inserted into the plunging chute by an operator. The mechanical
design of the chutes varies between transplant aids as can be seen with the Rotary One
Transplanter by Holland above and the 580 Bed Planter Unit by Mechanical Transplanter that
can be seen below. Once the transplants are in the chutes, the mechanical actions of the
implement will plant the seedlings at the correct depth and spacing. Mechanical transplanting
implements help significantly to reduce the amount of manual labor associated with the
transplanting of crops. While the device still requires human labor in order to function,
mechanical type transplanting implements are much cheaper than the automated machines and
greatly reduce labor and man hours when compared to planting crops by hand.

—

Figure 2. 580 Bed Planter Unit (Mechanical Transplanter, 2014).

Automated Transplanting Machines

There are currently transplant systems on the market that are fully automated and require little or
no manual labor. Some of the more sophisticated systems in the industry are run off of micro-
controllers and utilize very sophisticated technology. Automated transplanters function much
like mechanical transplanting implements. They utilize a plow to break up the dirt, a plunger to
set the crop in the soil, and compaction wheels to force the plowed dirt back around the newly
planted crop. The main difference between automated transplanters and mechanical transplant
aids is that the automated machines do not require an operator to move the seedlings from a tray
to the plunging chute. Automated transplanters utilize micro-controllers, and sensors to run
pieces of equipment that pick a seedling from a tray and insert it into the plunging chute.

A machine by Transplant Systems, plants up to 18 rows of a crop in a single pass. The system is
state of the art and utilizes no manual labor for transplanting except for an operator driving the
tractor. The speed and volume in which crops can be transplanted using this machine is
incredible. Much like the mechanical transplant aids, this system utilizes plungers and plows to
position the plants at the correct spacing and depth. The main difference between the mechanical
transplant aids talked about above and the machines produced by Transplant Systems is the
automated moving of the plants from the trays to the plunger chutes. Many trays of seedlings are
stored on board the transplanting machine which allows for large fields to be planted quickly and
efficiently. As a tray is emptied of seedlings, a new tray is moved into position and the process of
transplanting continues without any lag time between trays.






There are several ways that an auger can be powered. Augers can be powered by hydraulics run
off of a pump, the PTO of a tractor, or a separate gasoline engine. Depending on the size of the
auger bit, the correct speed for an auger to turn is between 60 RPM and 150 RPM. When using
large auger bits, the smaller RPM side of the scale would be desirable. When using a smaller
auger bit, faster RPM rates can be used.

Augers that are run off of hydraulic pumps have the possibility of offering much greater torques
than augers run off of a standard PTO or small gasoline engine. With larger amounts of torque,
larger bits can be used to make larger holes. Also, depending upon the hydraulic valving
available on the tractor, the rotational speed of the auger can be adjusted through the use of flow
control valves. Bobcat has a hydraulic auger attachment on the market for skid steers that operate
with torques of up to 5272 fi-Ibs. This auger utilizes the Bobcat skid steer hydraulic system to
power the device. Large diameter auger bits can be used due to the large amount of torque that
this system has available. Bits can range in size from six inches to forty eight inches and can dig
as deep as seventy three inches (Bobcat, 2014).

Figure 5. Bobcat Skid Steer with Auger (Bobcat, 2014).

Augurs can be mounted on the back of tractors utilizing a three point hitch and the tractor’s PTO
as a means of power. These auger systems use the hydraulics attached to the three point hitch as
a means of raising and lowering the auger and use the PTO to turn the auger bit. These auger
systems provide about 1813 fi-1bs of torque and have a smaller maximum diameter auger size
that can be used (Danuser, 2014). A PTO run auger known as the “Model F8” by Danuser can
only utilize auger bits with a diameter up to thirty inches. While this is would still make an
extremely large hole, it does not have the same capability as some hydraulically driven augers.



Figure 6. PTO Auger "Model F8'" (Danuser, 2014).

Augers can also be hand held and take one or more people to operate the device. The man-
operated augers consist of a gas engine driving an auger bit into the soil with an operator(s)
holding it in place and upright. These machines take more manual labor than the tractor operated
auger implements mentioned above. Though more manual labor is required, the augers
significantly reduce the amount of work it would take to do the same job with only hand tools.
The auger diameter that these machines are capable of using is smaller than the hydraulic and
PTO augers are capable of using. Man-held augers such as the Ardisam Two Person Auger
Powerhead are only capable of turning a ten inch diameter auger bit and have significantly less
power than hydraulic and PTO augers. The amount of labor that goes into using a machine such
as the Ardisam Auger Powerhead is dependent upon the soil conditions as well as the size of the
hole that is being augured out.

Figure 7. Ardisam Two Person Briggs ana Stratton-Powered Earth Auger Powerhead
(Northerntool, 2014).



Soil Coring Technology

Another device used in the agriculture industry is soil coring machines. Soil coring technology
utilizes a device that is forced into the soil and a small cylindrical sample of dirt is removed so
that it can be tested, and it leaves behind a small hole in the field. Currently the company
Precision Technologies offers an ATV mountable hydraulic coring sampler. The device can
either be run off of hydraulics previously installed on an ATV or it can be purchased with a self
contained hydraulic system with the soil sampling device. The sampler is capable of actuating
and removing a soil sample in about two seconds. Once the sample has been removed from the
ground, the dirt is forced out of the coring tube into a sample box and the process can begin
again. Numerous samples can be taken in a matter of seconds and the device is easily transported
through the use of an ATV. The device can actuate and remove samples from depths of six to
twelve inches (Precision Technologies, 2014).

Figure 8. Wintex 1000 Hydraulic Soil Sampler (Precision technologies, 2014).

Another type of soil coring device is a soil probe that is manually pushed into the soil. This
device utilizes human labor to insert and remove the probe from the ground. Once the device is
pulled out of the ground, a small hole is left behind and a soil core sample resides within the
probe tube. The holes left behind these types of probes are fairly small, around one inch in
diameter. Depending on the length of the probe, different depths of sample can be achieved.

e

Figure 9. Soil Probe (AMS, 2014).













Once the pieces of the outer frame had been cut, they were clamped in place on top of a steel
table. Once all angles and lengths were checked and deemed correct, the clamps were tightened
so that the steel would not move and the welding could begin without fear of the metal warping
due to the welds cooling. The metal pieces that were clamped in place can be seen below in
Figure 14. This method was used often throughout the construction of this piece of equipment.

Figure 14. Squaring and Preparing to Weld.

A welded miter joint can be seen in Figure 15. For the welding of the frame of the trailer, a MIG
welder with shielding gas was used. Once the welds cooled, the clamps were removed. All welds
on the trailer frame were ground down and polished with the use of an angle grinder. This was
done so that when the expanded steel is installed, it will remain flush with the frame at all
locations.
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The garage door spring is 26.5 inches long, has a 2 inch inside diameter, and the wire is 0.250”
in diameter. The spring will be attached to a cable drum and the cable from the drum will attach
to the back end of the pivot arm holding the auger up. As the auger is lowered, the spring coils
tighter, producing a force to counter act the weight and movement of the auger. When the auger
is raised, the spring unwinds, retracting the cable back onto the drum. The spring, cable drum,
and pivot arm can be seen in Figure 20.

Figure 20. Spring, Cable Drum, and Pivot Arm.

Once the pivot arm and trailer were assembled and welded together, expanded steel was cut to
length and welded on top of the trailer frame in order to provide a flat surface capable of carrying
equipment on the trailer. A picture of the expanded steel and trailer can be seen in Figure 21.
Once the expanded steel was placed on top of the trailer, a MIG welder was used to tack the
outside of the expanded steel to the trailer frame so that it would remain in position and rigid.

15









Figure 24. Complete ATV Mountable Tree Planting Station.
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RESULTS

The ATV Mountable Tree Planting Station performed well. The auger was successfully held up
by the pivot arm and the garage door spring provided a successful counter force to the augers
weight. The correct number of rotations needed on the garage door spring in order to provide the
correct tension on the back end of the pivot arm was 3.5 revolutions of the garage door spring
before the set screws were tightened to the cable drum shaft. With 3.5 revolutions, the cable was
applying a static force of 105 Ibs to the back end of the pivot arm.

The operation of the auger on the counter tensioned system performed fairly well. 1t was found
the auger could be lowered and raised with a small amount of effort. The hinges on the auger
mount allowed for the auger bit to remain perpendicular with the ground as the device was raised
and lowered. The friction in the cables, pulleys, and garage door spring provided enough
resistance to keep the auger in place as it was moved up and down. This means that once the
auger was lowered, it would remain down until the operator applied a small upward force to
overcome the friction in the pulleys and spring, at which point the auger would easily raise and
remain in position once it stopped.

One small problem with the auger counter balance system is that there is some “slop” in the
pivot joint. A sideways force on the lever arm causes a slight deflection, not enough deflection to
cause any problems, but enough that it warrants a closer look into a fix.

The auger was tested in several different soil types. The auger was tested in hard soil, medium-
hard soil, and soft soil. A piece of tape was marked on the auger bit at 6 inches, in order to
increase the accuracy of the measurements for the amount of time to dig a 6 inch deep hole. The
data from the tests can be seen in the table below. The times shown in the tables represent the
amount of time it took the auger to dig down 6 inches, once the bit made contact with the soil.

Table 3. Auger Tests.
Auger Tests
Soil Type Hard Medium Soft
Time to dig 6” hole | 6.3 seconds 4.2 seconds 3.5 seconds
) Significant Some
How it Felt (Force downward downward Very little downward
Needed) force needed | force needed force needed
Soil was dry
. o Soil was dry and had
Soil Characteristics and had properties of Soil was somewhat
propertiesof a | aclay loam | moist and had properties
clay soil soil of a loam soil
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The holes that were made by the auger were all fairly clean and could easily fit a tree sapling.
The dirt removed from the auger holes was crumbly and could easily be re-inserted back into the
hole. One of the holes created by the auger can be seen below in Figure 25.

Figure 25. Auger Hole.
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RECOMMENDATIONS

If this project were to be reconstructed or redesigned, there are several recommendations that
could be made to improve the overall design. While the design does perform satisfactorily and
meets all of the project objectives, there are minor adjustments that could be made.

The first recommendation would be to add bearings to the pivot arm. With the use of bearings
there would be much less friction in the pivot arm joint and the operation of the auger on the
pivot arm would be much smoother. Currently the joint consists of a hole drilled through each of
the members and a smooth rod with clips and washers on both ends is used to hold the pivot arm
in place. The metal on metal contact works fine for the situation in which it is being used, but
there is an amount of friction that would not be there if bearings were to be used in place of it.

The design could easily be modified as is to accommodate bearings in the pivot design. Flange
bearings could easily be mounted to the outsides of the uprights in the pivot system and the
smooth rod could rest in the bearings as opposed to having metal on metal contact. In order to
implement this into the design, holes would need to be drilled and tapped into the sides of the
pivot uprights and then bearings could be mounted.

The second recommendation would be to buy higher quality pulleys and use vinyl coated cable.
The pulleys that were used to redirect the cable from the cable drum to the pivot arm are not high
quality and as a result there is an amount of friction in them that cannot be avoided given the
forces that they are experiencing. The cable that was first used on the cable drum was an
uncoated steel cable. The interaction between the uncoated steel cable and the pulleys was very
noticeable. There was a noticeable amount of friction between the cable and the pulleys as well
as a slight grinding noise when the pivot was raised and lowered.

A vinyl coated steel cable was purchased and used in place of the uncoated cable, the difference
was noticeable immediately. The grinding noise was completely eliminated and there was a
significant reduction in the amount of friction between the cables and pulleys. With the purchase

of higher quality pulleys, the amount of friction will most likely decrease a significant amount
more.

A third recommendation to be made would be to reinforce the pivot uprights. When the pivot
arm experiences a sideways load, the force felt by the pivot uprights causes a slight deflection. In
order to reduce the size of this deflection, the pivot uprights should be reinforced and welded
together in a middle location that will not affect the motion of the pivot arm. The location of the
joint can be seen in Figure 30.

24



Figure 30. "Sloppy" Pivot Joint.
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COST ANALYSIS

Table 4. Cost Analysis.

Cost Analysis

Item Price Amount Total
Ardisam 4-Stroke Earth Auger $ 379.99 1 $ 379.99
Tie Down Engineering 4-Lug
Hub/Spindle Unit $ 4999 2 $ 9998
4 Hole High Speed Standard Rim
Trailer Tire (16" dia.) $ 49.99 2 $ 9998
1.5" Square Tubing (.120 Wall
Thickness) per foot $ 215 40 $ 86.00
Garage Door Spring Setup $ 58.95 1 $ 5895
Cable Drum $ 25.00 1 $ 25.00
Weld-able Hinges $ 7.50 2 $ 15.00
2" X 4" Rectangular Tubing (.120
Wall Thickness) per foot $§ 225 20 $ 45.00
Ardisam Earth Auger Bit (3") $ 119.99 1 $ 119.99
3/4" X 9 Expanded Steel (4' X 8'
Sheet) $ 57.00 1 $ 57.00
Water Tank $ 59.99 1 $§ 59.99
Steel Cable § 033 9 $ 2.97
Cable Clamps $§ 299 1 $ 2.99
Torsion Spring Axle $  3.99 4 $ 1596
Ring Stand Metal § 499 2 $ 9.98
Shop Consumables $ 25.00 1 § 25.00
Fabrication/Welding Labor § 75.00 35 $ 2,625.00

Total § 3.728.78
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APPENDIX A

HOW PROJECT MEETS REQUIREMENTS FOR THE BRAE MAJOR

Major Design Experience

Establishment of Objectives and Criteria
Project objectives and criteria are established to meet the needs of reforestation of an area of land
that has recently been logged

Synthesis and Analysis
The project will incorporate bending stress calculations, tests of different soils, and consideration
of planting in different soil types

Construction, Testing and Evaluation
The mechanized mobile tree sapling planter will be designed and constructed.

Incorporation of Applicable Engineering Standards
The project will utilize AISC standards for allowable bending stresses.

Capstone Design Experience

Incorporates knowledge/ skills from these key courses- BRAE 129 Lab Skills/Safety, BRAE
133 Engineering Graphics, BRAE 151 AutoCAD, BRAE 152 SolidWorks, BRAE 234
Mechanical Systems, BRAE 421/422 Equipment Engineering, Engineering Statics/Dynamics,
Strength of Materials, Technical Writing

Physical- The implement must attach to an ATV. It must plant six inch tall trees directly into the
soil with as little operator effort as possible.

Economic- The cost of operation must not exceed the price of gas for the ATV

Environmental- A benefit of the project will be that lands that were once logged will be
replanted with saplings. The environment will benefit as a result.

Sustainability- The sapling planter will help to sustain the environment through reforestation of
lands that have been logged

Manufacturability- N/A

Health and Safety- The mobile tree sapling planter will utilize safety precautions on areas of the
device that may pose a safety hazard to the operator or bystanders.

Ethical- N/A

Social- N/A

29



Political- Reforestation of the environment.

Aesthetic- The finished machine will be painted to look very nice. High quality protective paint
will be used due to the rough environment in which the implement will operate.

Other - Productivity- The implement must be capable of planting tree saplings at a constant
depth given variable soil conditions.
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APPENDIX B

CALCULATIONS AND DESIGN FOR PIVOT ARM

—— —_—————— —>
/
v v
XMy =0

YMy, = (65 [bs)(22 inches) — (Fy)(18 inches) = 0

_ (65 1bs)(22 inches)
v (18 inches)

Fy =794 lbs
Therefore the spring must provide a minimum Fy of 79.4 lbs
Accounting for various friction losses in the spring, cable drum, cable, pulleys, and pivot joint,

and additional 20 lbs of force will be added to the minimum Fy value for a total value of
99.4 1bs.

Fy NEW = 994‘ le
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APPENDIX C

OPERATIONS MANUAL FOR ARDISAM BRIGGS AND STRATTON EARTH AUGER
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APPENDIX D

OPERATIONS MANUAL FOR MASTER MFG 15 GALLON SPOT SPRAYER
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