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Abstract

The URI senior capstone design Team 17 was tasked by Dr. Bahram Nassersharif to design
and build a tree climbing device. It was required that said tree climbing device be: easy to
operate, safe for both the operator and the tree, have hands free climbing capabilities, climb
branch free trees with varying diameters between 12 and 24 inches up to 20 feet in height,
have a carrying capacity up to 350 pounds, and cost less than 500 dollars to build.

Team 17 began the design process to meet these requirements by first undertaking back-
ground research into the current tree climbing devices on the market today, including patent
searches and viewing found solutions from around the world. This allowed Team 17 to move
forward and generate 120 design concepts, finding many potential solutions using varying
power sources and mounting methodologies. From these potential solutions the team eval-
uated each design on the design parameters set forth. The chosen design was a human
powered device with a pneumatic assistance system. This design was chosen for its ease of
use, low cost to manufacture and maintain, and potential loading capabilities.

With a design chosen the team moved forward designing and redesign the device to meet
the design specifications. Through testing of the various iterations of the design, engineering
analysis, knowledge learned through research, the final design was built, meeting the required
design specifications. This build was capable of holding 350 pounds and ascend branch less
trees with varying diameter trees from 12 to 43 inches up to 20 feet. The design consists of two
frame assemblies, connected through the pneumatic assistance system. A final engineering
analysis was completed on this design, yielding a factor of safety of 1.5. The build cost a
total of 463.95 dollars.

Additional considerations were made including manufacturability, ease of use, environ-
mental impacts, safety, operating environments, and reasonable servicing schedules; since
use in remote locations is to be expected. The design is for any individual intending to climb
a tree; including but not limited to hunters, arborists, and photographers.
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1 Introduction

Climbing trees has been a challenge that humans have been inventing unique solutions to
for thousands of years. There are many reasons to climb a tree, from agriculture to hunting
and recreation. This project aims to make tree climbing accessible and safe for everyone.
The objective of the Tree Climber Project tasked to Team 17 was to design, optimize, and
produce a tree climbing device that is easy to operate and safe for both the operator and
the tree. Tree climbing currently has many products available on the market. A majority
of these products are completely human powered, requiring the operator to expend energy
in a struggle against gravity to reach the top of the tree. The few products offered that are
machine powered are relatively large, heavy, and not environmentally conscious. Thus, it was
decided by Team 17 that the purpose of designing this product should to solve the challenge
of vertical tree ascent with low human energy expenditure. The design chosen was a two
frame assembly connected through a pneumatic assistance system. This product should be
able to assist an individual with 50 pounds of potential equipment safely and efficiently to
the top of trees with diameters ranging from 12 to 24 inches.

The found solution to this problem is a hybrid powered1 force couple device. This device
meets all the necessary aforementioned project requirements. Additional considerations were
made such as the operating environment and servicing schedule. The product was designed to
operate in both recreational and commercial environments for any individual wishing to climb
a tree. The current market has many two frame assembly tree climbing devices available, as
the simplicity and performance make it easy to use, transport, and cost effective. This made
it a great platform to start with and improve. From this platform the Team implemented a
pneumatic assistance system, consisting of a double acting cylinder, 2 position air manifold,
a C02 tank, and a regulator. This eliminated the need for the operator to manually move
the frame assemblies up the tree, instead only required them to lift their own body weight
from a seated to a standing position.

1Combination of human and pneumatic power
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2 Patent Search

Following the literature search, we searched through the United States Patent and Trademark
Office. We need to make sure, if this product is going into circulation, that we do not infringe
on other patents. Though this is important to not break the law, it is also useful to look
through other people’s work to see what works and what doesn’t. After searching through
patents, we pieced together our current idea and know what we can and cannot do. All
patents are present in the appendices for reference.

Figure 71: This is a product that incorporates similar ideas to the couple force were
trying to apply, limited to use on coconut trees. There are two separate pieces that attach to
the tree. One piece lets go of the tree and the motor pushes it up, then the piece reattaches
to the tree. This process is then repeated until the robot reaches the coconuts and two
arms are remote controlled to harvest them. Only with this design, it is a robot that climbs
the tree. With our design a user would climb the tree with the device. They use a remote
to control the six motors on the robot, two are used to climb the tree up and down, and
four are used for the two arms that cut and collect the coconuts. This robot helped inspire
the idea we committed to in the sense that we used two pieces that use a couple force to
maintain position on the tree. But we wish to keep the device eco-friendly and avoid the use
of motors, which we replace with pneumatic cylinders.

Figure 72: After finding this patent, it helped confirm that we can use a similar concept
to this and it is a viable option. This product uses a couple force to maintain position on a
tree. This product is also advertised as a tree stand so may not be practical for all uses. In
the end, our design is var different than this ones.

Figure 73: The next patent is very similar to the concept we are pursuing. The main
difference is this patented idea does not utilize pneumatic cylinders to assist the user going
up the tree. Also it does not use a rope/strap system to adjust as the operator ascends up
the tree. Again this product is geared towards hunting.

Figure 74: This is a tree trimmer that uses rollers to roll up the tree. This device does
not carry a person up the tree but bring a saw up to trim the branches. We considered using
the roller idea in our project but we decided to make an eco-friendly product, and the rollers
would need a motor to turn them.

Figure 75: This uses a foot pump style system that brings you up the tree. We considered
this for our project but the main concern was how can you reverse the process to come back
down the tree and it came down to the issue of safety as to why we didnt decide to do
something like this.

Figure 76: Another inchworm inspired idea. This again is a product mildy similar to our
idea, but without the use of pneumatic cylinders.

2



3 Evaluation of Competition

There are many other products on the market already that accomplish the same task as our
project seeks to do. Other designs use similar geometries and systems to ascend trees of
various diameters. A common device uses a left and right piece that you put your feet in
and hold with your respective hands, and climbs the tree one piece at a time, moving each
independently. It uses the same force-couple process that our design uses, by putting your
weight on the bottom where your feet rest and creating a torque around the tree that keeps
it in place. A picture of this concept is shown below.

Figure 1: Example of Competitive Climbing Device

There are many variations on the same geometry that our project uses. Different sizes
and materials are used to accomplish the same result. Most of these products are marketed
as tree stands to be used for hunting. They use a top and a bottom piece and you slide each
piece up and then re-lock them and move the other up. Most of these designs feature some
place to sit on the device and a large area to stand on the bottom.

Figure 2: Example of a Competitive Climbing Tree Stand

To improve upon this, our design incorporates a double-acting pneumatic cylinder that
intakes air to pressurize the cylinder, pushing and pulling the parts of the machine up the

3



Parameter Capstone Group 17 Competitors Notes

Retail Cost $899.99 $89.99 to $439.99
No competitor features
piston assembly

Weight 41.2 lbs. 21 lbs.
Heavier frame due to
increased durability

Length 53.25” 20”
Width 24.33” (variable) 36”
Pressure 0 psi to 120 psi N/A

Max. Load 350 lbs. 350 lbs.
Device has not been tested
past 350 lbs.

Tree dia. 12” to 24” 8” to 20”
Can be mounted on larger trees,
ascent is impaired

Table 1: Competitive Design Specifications

tree. This assembly greatly increases the ease of ascent, and allows for the device to be
heavier, sturdier, and able to hold more weight. This system is shown in detail in Figure 16
in the Detailed Product Design section of this report.

Many sporting goods stores and websites have several options for climbing tree stands,
ranging from $150 to $500, according to competitive retailers including Dick’s Sporting
Goods (5) and Bass Pro Shops (2). Our product has a production cost of $501, meaning
that it will be marketed as a reasonably more expensive option, but will be able to hold a
great deal more weight and will have the added feature of the cylinder assembly.

Other devices that accomplish the same task involve motorized or pedal-powered as-
semblies that use various orientations of wheels to ascend the tree. Disadvantages of these
designs include the need for fuel, noise, long setup times, and relatively slow ascent speeds.
Products utilizing this technology are shown in videos linked in the References section.

Market strategies will focus on showcasing the power and accessibility that the pneumatic
cylinders provide, which allows us to make the machine itself stronger and more durable.
The machine should be able to safely carry upwards of a 350 lb. load to the required distance
up the tree, and the assistance from the cylinders will make this product able to be used by
almost anyone, experience in the tree climbing industry or not.
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4 Design Specifications

This project aims to make climbing up trees easy. We set out to make a device that is
portable, safe, easy to use, and works with a wide array of trees. The only limitation is that
it will not bypass branches on the way up. We were given a 500 dollar budget to research,
design and produce this machine. Our customers will need a device that will be reliable and
and functional. This device will be able to hold up to 350 pounds safely. It will also be able
to carry any equipment the user has for the task theyre doing, not exceeding 350 pounds.
At the same time it needs to feel effortless going up the tree. To achieve this, two pneumatic
cylinders will be used to assist the user, one used to go up and the other used to go down.
These cylinders will be accompanied by an air tank to maintain pressure. The cylinders
must produce at least 50 pounds of pressure to optimally assist the operator without waste
from the air tank.

Table 2: Initial Design Specifications
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5 Conceptual Design

One of the first preliminary design concepts generated for this project was a crankshaft
design. This design incorporates a crankshaft mechanism using foot pedals to rotate, to
create a motion that could pick up and move the body that rests on the tree and elevate
it to the next position for it to be locked. The motion then continues to elevate the other
locking mechanism, and the cycle repeats to ascend the tree. This design was abandoned
due to lack of physical potential. An early drawing is shown below.

Figure 3: Crankshaft Design

Another early design idea was a wheel and brake system to rise up the tree. This concept
works similarly to a bicycle, operated by pedals and with tires that lock on to either side
of the tree, and held from falling by a brake system. The pedals would turn the wheels
of the device to ascend the tree, and it would utilize a gear reduction system for increased
mechanical advantage.

Figure 4: Wheel-Type Design

All group members’ 30 Design Concepts are included in the Appendix section of this
report.

Some preliminary technologies that this group came up with that ended up being used in
the final design include a force-couple mounting system, and a pneumatic piston assembly.
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The force-couple mounting system utilizes a support on one side of the tree to house the
operator, and a cable wrapping around the tree to create tension on the tree, resulting in a
high frictional force to keep the user from sliding down. Most of the designs generated and
seen used this type of system to create a working device. Almost always used in pairs (top
and bottom or left and right) to have two movable parts to support the user as they climb
the trees.

A number of double-acting pneumatic cylinders will be installed on the device to assist
in getting the heavy machine up the tree. Could be used in various geometries to create a
force that does work to push the machine up, depressurize, and do work to pull the bottom
of the machine up. Manual adjustments would be required to decouple the machine from
the tree during the ascent.

After intense concept generation and formulation into reasonable ideas, a final design of
a pneumatic-assisted stepper-style tree climbing machine was created. This concept uses a
common geometry to competitive products, the y-shaped incrementally-elevating design. It
improves upon those designs, however, by adding a double-acting pneumatic cylinders to
assist in the ascension of the tree. This cylinder will have a compressed air intake valve on
the top and the bottom, and will use that to pressurize the air inside and push the top piece
of the device into extension if the bottom is filled and into compression if the top is filled. A
release valve is triggered to depressurize the opposing side of the cylinder, releasing the air
that was just used toward mechanical advantage. Making it a smart idea to bring a spare
tank up, just to make sure the system does not need to be run manually.

The true final system follows this basic concept and it is described and shown below
as (Final Design), but through cost and structure analysis, as well as problems discovered
during testing; a few different designs were crafted and edited along the way.

The first design utilize two cylinders mounted to the top beam of both frames. A Solid-
Works model of this ,Proof of Concept, design is shown below, and the details of this design
are outlined further later in the report.
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Figure 5: Pneumatic Stepper (Proof of Concept)

Due to some extra consideration, this system was never built. The double-acting pneu-
matic cylinders were expensive to purchase and out of our price range. The two cylinders
mounted would cause the system to be overly constrained. One cylinder was determined to
have enough strength and power to manage lifting the system. A SolidWorks model of this
,Test 1, design is shown below, and the details of this design are outlined further later in the
report.
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Figure 6: Pneumatic Stepper (Test Design 1)

The center of mass of the system had shifted two far forward. The system at this point
was unable to hold on to the tree under its own weight. The cylinder was driving the weight
of the top system into the front of the bottom system, increasing the problem of having to
much weight being shifted forward. The solution was to shift the mounting of the double-
acting pneumatic cylinder to the back of the system,under the seat. A SolidWorks model of
this ,Test 2, design is shown below, and the details of this design are outlined further later
in the report.

9



Figure 7: Pneumatic Stepper (Test Design 2)

The weight balance was fixed, but a new problem was revealed. The rope was wrapping
around the tree to much resulting in a lose tension and the rope sagging under its own weight.
This sag made it impossible to rise or descend safely because the rope could not catch. The
solution was to shift the attachment zones for the ropes and to replace the rope with metal
wire wrapped in plastic. A photo of the final model of this ,Final, design is shown below
mounted on a tree under the load of Scott Botelho (165lbs), design is shown below mounted
on the tree under its own load, and the details of this design are outlined further later in the
report.

This final system allowed for the ascent and decent of the system without the ropes
getting caught up or sagging to low. The was our final concept generation and our final
design. Redesign idea are mentioned later in the report to further optimize this idea.
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6 Quality Funtion Deployment

Quality Characteristics

(a.k.a. "Functional 

Requirements" or 

"Hows")

Demanded Quality 

(a.k.a. "Customer 

Requirements" or 

"Whats") 0 1 2 3 4 5

1 9 11.1 4.0 4 4 4

2 9 13.9 5.0 5 2 1

3 9 11.1 4.0 2 2 4

4 9 5.6 2.0 3 5 3

5 9 11.1 4.0 4 4 4

6 9 8.3 3.0 5 5 2

7 9 13.9 5.0 5 5 5

8 9 13.9 5.0 1 3 4

9 9 11.1 4.0 4 1 2
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7 Design for X

7.1 Design for Environment

A great deal of consideration was put in to this project to make sure that they use of this
machine does not damage the tree in any way. The only concern in this regard was where
the base of the machine digs into the tree and provides support on each piece. To resolve this
problem, rubber mats were screwed to the bottom of each section that retain the necessary
friction to hold the device in place, but do not damage the bark of the tree during use, as
shown below.

7.2 Design for Safety

The final structure of this device is extremely strong, having been tested with weight up to
350lbs. The aluminum frame does not bend anywhere during use, and all of the brackets
remain stable. Due to this, when properly coupled and locked in to the tree, there is very
little chance of the machine sliding or failing in any way. The rear-mounted pneumatic
cylinder makes the user’s ascent safe and easy. In the future, a comfortable seat and a safety
harness will be attached to the device for safety and ease of use.

7.3 Design for Manufacturing

To improve the ease of manufacturing this product, almost all of the pieces used to make
it are cut and drilled from the same aluminum bar stock. Each piece is held together with
uniform bolts, brackets, and screws. When manufacturing this device, all pieces would be cut
and drilled beforehand, and the disassembled machine would be shipped with all the required
parts and an instruction manual for putting it together. Manufacturing and shipping are
made far easier by selling the device disassembled rather than trying to assemble it at a
factory and ship the completed product.

7.4 Design for Reliability

In the case that during use, the user runs out of CO2 to power the pneumatic assembly, the
device works without the use of the cylinder, meaning that the user will not be stuck in the
tree due to lack of power. In addition, the materials and geometry used in the design of this
machine are extremely reliable.

7.5 Design for Cost

The cost of materials and manufacturing was minimized through the use of standard smooth-
slotted extrusion aluminum bar stock and the accompanying brackets. This material was
easily drilled and fit together to construct the two frames of the device. All materials were
bought in bulk and cut and drilled efficiently to decrease material and labor costs. Design
specifications stated that the device and all materials should cost less than $500, and the
final design succeeded in that regard.
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8 Project Specific Details and Analysis

The market for this product is extremely wide, including people in the lumber industry,
arborists, hunters, recreational tree climbers, and people who are generally interested in
nature. This product will run more expensive than many non-mechanized products, but for
industrial applications, it is far superior. After manufacturing analysis, it is estimated that
each piece will cost roughly $516 plus the price of labor, but that value will decrease as
more and more units are created and the manufacturing process is optimized. This means
that the retail value will be around $899.99. It was shown through the QFD Analysis and
survey of potential users that the durability, weight, and carrying capacity are the most
important qualities of this device. For future work, these qualities will be optimized and the
manufacturing cost will be decreased.

More financial information, market information, and engineering analysis is explored in
the respective sections.

13



9 Detailed Product Design

The process of choosing a specific design was done in batches, eliminating the unreasonable
designs whether due to budget constraints or feasibility of completing the design within the
given time constraints. As a team in chosen to move forward with a design that was human
powered with some form of lift assistance, since a motorized design would have been difficult
to keep within the $500 budget constraint. From this we narrowed our design down to
either a bicycle style with chain and gear power train, or a inch worm 2 stepper design with
pneumatic piston lift assistance. This left use with six design concepts that were generated.
The first two were bicycle designs that can be seen in Figures 10 and 11, the remainder were
piston stepper designs shown in Figures 12 , 13, and 14. After furthering our research on
current models and analyzing the ease of use of each prospective model, it was decided to
make a hybrid model between Alexs Designs 15 and 28. Utilizing the A-Frame inch worm
from design 28 and the dual piston orientation of Design 15. With a clear preliminary design
and the required design specifications displayed in the previous section Design Specifications
the team was able to move forward. With the preliminary design chosen, a Solidworks model
was generated with dimensions, Figure 9, and part tolerances, Figures ??. The size of the
design was based of the design specification of having the capability of ascending trees 12
to 24 inches in diameter while keeping the frame as small as possible, reducing weight and
making the design easier to store and handle. The design can be seen in Figure 35.

Figure 9: Assembly Drawing

2The inch worm stepper design is a two frame assembly utilizing force couples on each individual assembly
to hold the user on the tree while maneuvering the second assembly higher up the tree, repeating until
reaching the top of the tree. The top assembly is a seat which initiates the force couple and handle bars to
maneuver the assembly up when the force couple is released. The second assembly is a platform to stand on
with a foot catch on top. When the user is standing the force couple is initiated, then when the weight is off
the assembly the foot catch allows the user to use the top of their feet to maneuver the assembly up the tree
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Figure 10: Scott’s Designs Page 1
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Figure 11: Alex’s Designs Page 3
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Figure 12: Alex’s Designs Page 4
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Figure 13: Alex’s Designs Page 7
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Figure 14: Alex’s Designs Page 12
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For generated frame design materials needed to be chosen. The materials needed to be
relatively lightweight but still capable of handling the forces generated by a 350 pound load,
especially within the stress concentration areas. After carrying out a static analysis on the
connection point between the arms and frame, assumed to be the area of greatest stress
concentration, shown in Figure 35, a material that could handle this load could be chosen.
The material choices were between 1 square tube 6061 T6 aluminum and 1 plain square
tube. Both met the load requirements so the choice came down to weight and pricing. The
aluminum was the lighter of the two but more expensive by $ 0.43 per linear foot. The frame
requires 34.08 linear feet of material, thus the aluminum would cost $ 14.65 more per frame.
This extra cost comes with a significant total weight savings of 15.01 pounds. The price
increase was well worth the pay off as the apparatus should be as easy as possible to operate
and a lower weight puts less strain on both the user and the piston assistance system.

Now that the frame material was chosen the mounting hardware needed to be chosen. The
stresses were to great to be able to use aluminum hardware, so titanium and steel hardware
were priced out. The titanium hardware was significantly more expensive than the steel
hardware, but the weight was less than half of steel. Considering the price vs weight payoff
steel was chosen for its strength and relative low cost, the total weight increase on these small
parts was not significant enough to consider the titanium a viable option. All hardware can
be seen in the Bill of Materials Figure 15 With the frame design complete the two way piston
system needed to chosen. The double acting cylinder, lines, manifold/regulator, directional
control valve, tank, and controls all needed to be designed to be capable of lifting the frame
and be intuitive for the user. Starting with the double acting cylinder choice that had a long
enough stroke length to raise the frame a reasonable amount, 10 inches, and handle a 100
psi pneumatic load. After researching products the Double-Acting round body cylinder with
a 7/16 inch bore, 10 inch stroke length, and 90 pounds of force at 100 psi was chosen for its
performance and price point. Now knowing the requirements and operating capabilities of
the double acting cylinder the pneumatic lines, manifold/regulator, and tank were all chosen
together to ensure fitment and functionality. The materials chosen can be seen in the bill of
materials, Figure 15, and the part diagrams in Figures 16 through ??. Once the materials
are received by the team it will be possible to design the hand controls. This being because
the required pressure to activate the two air direction valve is not given in the product
specifications.

The final parts to be chosen were the accessories, including the aluminum plate and rubber
to protect the tree, seat, and tube end caps. The aluminum plate and rubber covering will
be furnished to any point in contact with the tree. This is to meet the design specification
that the product will not harm the tree while in use. The seat is for user comfort, a bicycle
seat will be implemented for there low weight and they are readily available. Finally the
tube end caps will be furnished at any open tube end on the product to keep water out and
maintain a fit and finished look. The exact materials chosen can be seen in Bill of Materials,
Figure 15.
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Figure 15: Bill of Materials

Due to some extra consideration, this system was never built. The double-acting pneu-
matic cylinders called for problems in the areas of cost and functionality. They were expensive
to purchase, so purchasing two was out of our price range. Through thoughtful observation
it was recognized that having two cylinders mounted would cause the system to be overly
constrained; not allowing for any rotation around the tree to avoid knots. With some struc-
tural analysis, it was determined that one cylinder would have enough strength and power
to manage lifting the system.

After some new thought it was determined that the one cylinder would mount the the
top beam of the top system while the bottom of the cylinder would mount the the bottom
the the bottom system. Gaps in the top beam of the bottom system and bottom beam of
the top system had to be spaced out to make room for the cylinder to act up through the
middle line of center of mass, to avoid as much unnecessary torsion of the stroke arm as
possible. See Figure 5, under Concept Design.

After testing this system on a set of trees and telephone poles it the problem was quickly
discovered. The center of mass of the system had shifted too far forward; reducing the
moments creating the force couple and the friction force holding the system. The system
at this point was unable to hold on to the tree under its own weight. If the systems were
weighted in the back the system would hold. In the way we were still able to test the double-
acting pneumatic cylinder and discovered the second problem. The cylinder was driving the
weight of the top system into the front of the bottom system, increasing the problem of
having to much weight being shifted forward.

The solution was to shift the mounting of the double-acting pneumatic cylinder to the
back of the system,under the seat. See Figure ??, under Concept Design.

The solution worked and back shift of the cylinder made it so the center of the mass of
the system was in the correct place to lock the system into the tree un-weighted; which is
desired for mounting. A new problem arose with the straps and their locations. The rope
was wrapping around the tree to much resulting in a lose tension and the rope sagging under
its own weight. This sag made it impossible to rise or descend safely because the rope could
not catch.
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The solution was to shift the attachment zones for the ropes and to replace the rope
with metal wire wrapped in plastic. This would increase the natural tension in the rope,
while the metal wire will reduce the tendency to bend or sag. Once mounted it was quickly
recognized the the cage for the mounting of the cylinder to the back of the bottom system
overly constrained the system; making the top system unable to touch the tree. The front
two beams were removed to allow for pivot of the cylinder from the bottom and the top was
already allowed to pivot. See Figure 7, under Concept Design.

This final system allowed for the ascent and descent of the system without the ropes
getting caught up or sagging to low. The freedom of the cylinders made for optimal movement
and versatility on the tree. The air assisted greatly in helping guild the system up and down.
See Figure 55, under Concept Design.

Figure 16: Double Acting Cylinder
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Figure 17: Air Directional valve
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Figure 18: Cage Base Beam
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Figure 19: Reference Image for Beams
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Figure 20: Cage Base Beam
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Figure 21: Cylinder Mount

27



Figure 22: Arm Beam
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Figure 23: F Beam
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Figure 24: T Beam
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Figure 25: J Beam

31



Figure 26: S Beam
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Figure 27: T Beam
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Figure 28: B Beam
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Figure 29: Final Design
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Figure 30: Pneumatic Stepper (Final Design, weighted my Scott Botelho)
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10 Engineering Analysis

To begin analysis for our tree climbing system, first, in order to determine if our compression
system would work, the potential energy needed to reach the desired goal of twenty feet,(EQ3)
was balance out with the potential energy created from pressurized gas in an enclosed space,
(EQ4). Knowing the potential energy needed to climb up the tree is equal to the potential
needed inside of the air tank (EQ5), relationships were formed to correlate different pressures
into the required volume, (EQ5). From the volume and the size of the chair, different air tank
geometries were found (EQ6). From these equations a Microsoft Excel code was formatted
to vary the pressure and output the need volume and radius of air tank (see figures). From
these charts and graphs, pressure to volume relationships could be optimized. The derived
information, it can be concluded that pressure and volume of the air tank will not be the
challenge of this tree climbing system. Charts and Graphs of Air Tank analysis.

m = set− initial − condition (1)

h = set− initial − condition (2)

E = mgh (3)

E = PV (4)

mgh = PV (5)

V = πr2l (6)

[A, 01]FD,LLift and drag force N [A, 01]CD,LCharacteristic coefficient of lift and drag −
[A, 01]AWing platform / Surface area of the wing m2
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Figure 31: Pressure, Volume, and Radius for Air Tank

Once the air tank was confirmed as a feasible idea, the frame concept was generalized and
its variables were labeled(see Figures 1,2,3). From the general idea, it was determined that
four different initial conditions had to be set, tree diameter, set distance from tree, seat height
from lower trust point, and the angle of attack from the seat. From the initial conditions
and what we know of force couples, the rest of the frames dimensions were determined as
well as the static forces of the system. The static forces of the system include the upward
friction forces caused by the force couple effect on the bark. If the upward friction forces
become greater than the weight of the system, the system has positive holding force and our
tree climbing device, sized by initial conditions, can climb a tree of the initial diameter. This
chain of equations was generalized and encoded into Microsoft Excel, which allowed for the
variance of the tree diameter to be equated with the locked initial conditions of the structure.
This allowed us to graph the results of the holding force against tree diameter to determine
the diameter that would cause system failure. Five other encoded blocked were created
to view a cross comparison of the holding force to tree diameter relationship against five
difference initial frame conditions. From the comparison, realistic initial conditions are put
up against each other. The case with the greatest variance in climbable tree diameters is the
winner and the other four are continual manually adjusted to try and beat the current best
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case. This static analysis confirms achieving positive holding force on trees up to two feet
in diameter is trivial and we continue to tinker with our optimizing to attempt to maximize
the potential of climbable trees. The chain of equations and figures used to correlate the
four initial conditions into holding force are listed below in order; starting with our force
coupe knowledge (Figure EQ), then the generalized frame (figure), and ends with the list
of equations based on the force couple knowledge, frame generalization, and called initial
conditions.
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Figure 32: Moments, Force Couple, and Friction Knowledge
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Figure 33: Generalized Frame
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Geometer Equations-Angles and Lengths

cs = set− initial − condition (7)

sw′ = set− initial − condition (8)

γ = set− initial − condition (9)

µ = set− initial − condition (10)

d = set− initial − condition (11)

90deg = γ + θ + ε (12)

h′ = cl′ = sw′ + cs ∗ sin(γ) (13)

ll′ = tan(γ) ∗ h′ (14)

l′w′ = cs ∗ cos(γ) (15)

θ = tan(
sw′

ll′ + l′w′
)−1 (16)

cl′ =
h′

sin(ε+ θ
(17)

sl =
√
cl2 + cs2 (18)

ch =
lw′ + d− cs ∗ cos(γ)

cos(γ
(19)

α = tan(
sw′ + cs ∗ sin(γ) + ch ∗ sin(γ)

d
)−1 (20)

f = ch ∗ cos(γ)− d (21)

lc =
f

cos(ε+ θ)
(22)

tt′ = (d/2) ∗ tan(α) (23)
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tl =
(d/2)

cos(α)
(24)

sa′ = sw′ − tt′ (25)

γw = tan(
sa′

(d/2) + lw′
)−1 (26)

st =
(d/2) + lw′

cos(γw)
(27)

Figure 34: Generalized Frame Angles and Lengths
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Figure 35: Free Body Diagrams

Statics Equations

WM = mMg (28)

WU = mUg (29)

th = tl (30)

lh = th+ tl (31)

FS =
cos(γw)

WU

(32)

Mst = st ∗ FS (33)

Mst = MFC (34)
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MFC = 2FCd (35)

FC =
Mst

2d
(36)

FCx = FC ∗ cos(90− α) (37)

FCx = FN (38)

Ff = µ ∗ FN (39)

WU +WM = 2Ff (40)

Staying − Power = 2Ff − (WU +WM) (41)

Figure 36: Generalized Frame Forces, Weight, Friction, and Holding Force
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Figure 37: Generalized Frame Dimensions
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Figure 38: Holding Force Comparison of Five Generalized Frames
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Figure 39: Tree Diameter vs Holding Force Comparison

After the final dimensions and parts of the system were decided and optimized then an
ABAQUS analysis was able to be done to determine the highest forces in the system and
the forces locations. The system was analysis as a 2D beam with the appropriate Young’s
Modulus of 20.2e6 psi, a Poisson’s ration of .33, an area of 0.426 sq in, and a Moment of
Inertia of 0.0425 double square inches in both the X and Y directions. All proprieties were
sourced from the companies website, where properties for all parts were given. The results
of the analysis showed that maximum stresses at Node 9, around the connection point from
arm to tree. The stress here is 19,630lbs, but the concentration and area of the high point is
small, meaning it will most likely produce less force through that area. Further analysis will
be done on the arm to see what the safety factor for the arm is. The second max stress was
9,649 lbs, at node 4723, where the bottom beam meets the top beam. With a Yield Strength
of 34,966 psi and a cross sectional area of 0.426 sq inches; providing a max yield force or
14,895.52lbs. Therefore the beams have a safety factor of 1.54. Analysis of the forces at
the hole shows reaction forces can be approximated it different distributed loads around the
circle in the X and Y directions, ranging from -148 to -4000 in the X direction and -700 to
1000 in the Y direction. These values will be used to asses the arm in more depth. Analysis
of the stresses around Node 127, where the arm meets the top beam, shows internal reaction
varying from 5000lbs to -28lbs. These values will be used to further analysis the bolt joining
these to sections
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Figure 40: ABAQUS Analysis for Mounting System

This information was first used to determine if the metal frame would have the strength to
hold the desired weight, and that concluded with a result of a safety factor of 1.54 Confirming
the metal was safe to use for the system. The information of the stress developing in the
near bolt locations was used for an ABAQUS analysis of the most stressed bolt location.
The bolts Young’s Modulus is 1.566e7 psi, Piossion’s ratio of 0.25, cross sectional area of
0.19 sq inches, and yield strength of 35,000 psi. The max stress developed in the bolt, 12,170
lbs at Node 10. This location is under subject due to the strange boundary conditions used
to simulate the bolt conditions. A more reasonable location to asses would be node 14,
where there is a stress of 6,350 lbs. This was used to determine if the chosen bolts had
enough holding strength to keep the system together. It was determined that the bolts had
a maximum yield force of 6,860 lbs, so the safety factor of 1.08 confirming the bolts were
safe for use, but way want slightly strong bolts for high stress connections.
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Figure 41: ABAQUS Analysis for Bolt

The ABAQUS result were not able to be compared to actual experimental results because
of the complexity of the system. With mass amounts of angle changes, many different
connection points, and possible slip that may occur on the tree when settling in; attempting
to compare ABAQUS results to experimental results soon seems out of our league. If were
had the ability and resources to do a full break test of the whole system it would have
provided a lot of information about how accurate our safety factors are, but this test was
not able to be done.

In the end, with the system being weighted to 350lbs, the smallest safety factor become...
Leaving our team confident in the systems ability to keep its passenger safe as well as the
tree.
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11 Build/Manufacture

11.1 Initial Design

For the original design a year 2 required quantity of 7,700 units was assumed, from this the
manufacturing cost per part was calculated. A local manufacturing expert was consulted on
required overhead costs and basic operational requirements to manufacture the apparatus.
With a 260 work day year and one, eight hour shift per work day, it would require the
production of 29.615 units per day. This breaks down to 3.7 units per hour or 16 minutes and
12 seconds per assembly. This time constraint made a manual assembly line unreasonable.
Based on figure 61, the average time to complete the manufacturing of one unit manually
was 3.45 hours, totaling 603 assemblies per year. This did not meet the 7700 unit per
year goal and incurred a cost of $ 97.88 per completed unit. This cost and assembly time
was inapplicable so figure 63, was generated assuming a mostly automated assembly and
manufacturing process. This brought the total assembly time down to under the 0.27 hours
per unit and incurred a cost of $ 6.29 per unit. This cost was derived assuming a machine
operating cost of $ 12.51 per hour, and a labor rate of $ 17.72 per hour. Each individual
operation was allotted its required time to reach completion for the equivalent of one complete
frame assembly. A manufacturing overhead cost of 100 percent, equipment overhead of 50
percent, and tolerance factor of 25 percent for miscellaneous servicing of the machines or
faulty parts, were then included before calculating a final cost of $ 6.29 per part. This
price does not include initial investment for machinery or area of operation, so a capital
expenditure of $ 250,000 was included.

Figure 42: Manual Assembly Cost Analysis, Initial design

Figure 43: Semi-Autonomous Manufacturing Cost Analysis, Initial Design
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11.2 Final Design

For the final design a year 2 required quantity of 7,700 units was also assumed, from this
the manufacturing cost per part was calculated. The major difference in this manufacturing
process versus the original is that the product would be assembled by the end user, not
in the manufacturing process. This made the manufacturing process much more efficient,
requiring only 4 total operations. With a 260 work day year and one, eight hour shift per
work day, it would require the production of 29.615 units per day. This breaks down to 3.7
units per hour or 16 minutes and 12 seconds per assembly. This time constraint once again
made a manual manufacturing line unreasonable. Based on figure 62, the average time to
complete the manufacturing of one unit manually was 2.2 hours, totaling 945.45 assemblies
per year. This did not meet the 7700 unit per year goal and incurred a cost of $ 60.08 per
completed unit. This cost and assembly time was inapplicable so figure 64, was generated
assuming a mostly automated assembly and manufacturing process. This brought the total
assembly time down to under the 0.44 hours per unit and incurred a cost of $ 21.84 per unit.
This cost was derived assuming a machine operating cost of $ 12.51 per hour, and a labor
rate of $ 17.72 per hour. Each individual operation was allotted its required time to reach
completion for the equivalent of one complete frame assembly. A manufacturing overhead
cost of 100 percent, equipment overhead of 50 percent, and tolerance factor of 25 percent for
miscellaneous servicing of the machines or faulty parts, were then included before calculating
a final cost of $ 6.29 per part. This price does not include initial investment for machinery
or area of operation, so a capital expenditure of $ 250,000 was included.

Figure 44: Manual Assembly Cost Analysis, Final design
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Figure 45: Semi-Autonomous Manufacturing Cost Analysis, Final Design
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12 Testing

The testing matrix shown in figure 46 was made by Team 17 to test the validity of the final
design. The testing first began with validating our frame assemblies and straps ability to
maintain position on a tree and handle loading. Once the concept of the frame was proven
we needed to validate the capabilities of the pneumatic assistance system. The results from
these test were critical for Team 17 as it allowed them to find the flaws in the initial design
and produce the final product. These test are explained further individually below.

Figure 46: Testing Matrix

12.1 Performance Testing

12.1.1 Frame Strength

The first test conducted was to validate the strength of the frame assemblies and their ability
to maintain position on the tree under load. An individual frame assembly was placed on the
tree, using flat tie down straps and then initially loaded with a user, this individual weighed
175 pounds. Once on the frame the user bounced up and down to induce a impact load on
the frame to see how it reacted, looking for deflection in the frame or uncoupling from the
tree. Frame here the frame was loaded with addition weight in 25 pound increments to a final
load of 350 pounds by way of Olympic lifting metal plates. The frame maintained position
and showed no deflection until 325 pounds, when a small, less than an eighth of an inch of
deflection was noticed in the arms. The deflection was very minuscule and not considered an
issue for the design specification of a 350 pound maximum load, if the load capacity was to
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be raised, a new mounting method for the arms would have been investigated. The results
are tabulated below:

Figure 47: Frame Loading

12.1.2 Strap Mobility

This test aimed to see the mobility of the frame assembly on the tree. The aim was for easy
ascention up the tree. The frame was mounted to the tree and a user attepted to lift the
frame up the tree to a new position. This test resulted in a failure as the straps would get
hung up on any tree that was not relatively smooth. The flat straps used could not pass
over minor variations in the bark, thus the resolution was to implement round cable straps
to allow the straps to roll over these inconsistencies in the tree bark.

12.1.3 PSI vs. Stroke Count

This test set out to see the amount to stroke cycles the pneumatic piston could complete on
one 20 ounce tank of Carbon Dioxide (C02). The goal was 100 cycles loaded with 20 pounds
at 20 of travel each, giving the device a theoretical assisted climbing capability of 166.66
feet, allowing a user to climb more that 8, 20 foot trees before needing another tank. The
system was tested at 40 and 50 PSI to see the effect of the operating pressure as it relates
to the amount of climbing before switching tanks. The results ranged from 39 to 52 cycles
before exhausting the tank depending on the PSI setting. This correlates to 65 to 86.66 feet
of climbing capabilities before switching tanks. While this did not meet the 100 cycle goal,
it is adequate for most scenarios. This can also be easily fixed by implementing a larger
tank. A larger tank is more cumbersome to climb with so the team decided to stay with the
20 ounce tank for the final design. The results are tabulated below:

Figure 48: PSI setting vs. Stroke Count
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Figure 49: PSI vs. Stroke Count

12.1.4 Pneumatic Piston Loading

The pneumatic piston needs to be capable of operating under load to lift the individual
frames and any equipment the user may have attached. With this in mind the loading
capability versus the operating pressure was tested. The operating pressure varied from 20
to 80 PSI and the theoretical lifting capabilities were calculated. The piston was loaded with
olympic lifting plates, the smallest testing interval being 2.5 pounds. The PSI was set to
the given testing value and then the piston was loaded with half of the theoretical lifting
capability and loaded in 2.5 pound increments until failure, defined as inability to lift the
load, was achieved. This was then tabulated and graphed as shown below. It was found that
the piston reached the required maximum lifting requirement at 80 PSI, lifting 70 pound
which is equivalent to the 20 pound frame and 50 pounds of equipment. The results are
tabulated below:
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Figure 50: PSI setting and loading capabilities

Figure 51: PSI vs. Theoretical and Tested Loading Capabilities

12.2 Design Specification Testing

12.2.1 Varying Diameter Tree Fitment

To ensure the design met the design specification of being able to climb tree varying in
diameter from 12 to 24 inches the frame assembly was set up on trees with varying diameters
from 12 to 38 inches. The frame was placed on the tree weighted and unweighted, it was
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considered successful is the frame maintained position on the tree in both scenarios. The
results are tabulated below:

Figure 52: Varying Diameter Test Results
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13 Redesign

Our design has been proven to work from our Engineering analysis and a cheap prototype
was created, Figures 53 and 54, based on some of our earliest positive holding force results.
The energy balance analysis has proven that the space needed to pressurize potential energy
will be able to fit on the tree climbing system. The force couple and static force analysis
has proven our system is able to hold onto threes of the required diameter, two feet. The
prototype made our theoretical concepts into experimental results and demonstrated our
sitting ability on the side of a tree with a diameter greater than two feet. Our design is a
classic tree climber, with a trust system frame and utilizes the stepping motion of two frames,
with an engineers touch. It features and adjustable tree strap from varying tree diameters,
an air compressor tank for easy assent and decent. We know it will function without the
air, because there are already examples to observe. With the air compression, rising to the
top of the tree should be as easy as standing up and pressing a few levers; removing almost
all physical effort from tree climbing. The system kept the simple trust frame to minimize
weight and material costs, added mechanical advantage in a simple one directional fashion
using air pressure, and the design climbs the largest range of tree diameters compared to
any other feasible designs. All while being as environmentally friendly to the air and the the
tree bark.

After performing many different tests during the last few months on our device, the most
impactful being the tests on the frame and strap systems. The only major redesigns were
focused around these parts. First we tested the original frame design and satisfied the test
criteria at that given time. Although, when weight was added, deformation occurred and
became an issue. This was resolved by replacing the brackets that held everything together
with bolts that went through the entirety of the bars. This was successful because it gave
the ability to tighten the different connection points as much as needed. Then, after adding
the cylinder to the structure, the center of mass was disrupted causing the whole test the
fail. After discovering the weight was unbalanced, the frame went under reconstruction. The
cylinder was best put in the back of the frame, rather than the front. This improved both
the center of mass and the force couple which held both the frames in place, unweighted, and
also the angle the piston pushed up on the top frame when the cylinder was activated. The
main design for the frames were to have the ability to hold itself on the tree while unloaded
and the redesigns implemented granted success to this requirement.

The biggest issue with the strap system, was they would get stuck on the tree and impede
the ascent/descent ability of the device. The first raw test included generic rope, but this
was simply a temporary idea just to prove the force couple methodology. Eventually that
rope snapped and showed rope was not an option for the final design. The second solution
to this issue was to use ratchet straps. These straps worked for holding the device on the
tree, and proved to be easily manipulated for set up, but failed when movement was tested
because they would not slide on the bark well and hung down too far to make any kind of
progress for ascent. After this test, an idea was sparked to use rubber coated cable rope
because it was stiff enough to hold its shape at the appropriate length and was significantly
stronger than ratchet straps. Again the cable rope passed the mount test on the tree, but
still showed issues with movement up the tree. The last redesign for this part of the device
was moving the hook points on the arms of the frame. After moving them up the arms this
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showed promising results to smoothly move up the tree. Sadly, this was minimally tested
because redesigns were made during the last days of the semester.

Another minor redesign made includes changing the two position manifold to a three
position manifold. The two position manifold made it awkward to move on the tree because
there was always pressure given on one side of the cylinder. To solve this a three position
manifold must be implemented to give a neutral setting where no air is supplied to the
cylinder.

Future design teams should look more into a more efficient, cheaper and lighter material
to build the frames with but still be easy to manipulate. Doing this will allow the device
to be more portable, easier to construct and in turn become more marketable. The big
stress points of the system could be reinforced if there become issues with deformation. Also
the issue with the strap/cable system needs to be further investigated. Maybe use a quick
connect system with the cable ropes to tighten and loosen the cables with ease. Also there
is the unsolved issue with the length of the arms placement of the hooks for the cables. And
of course as mentioned in the last paragraph, the manifold needs an upgrade. Since this was
built as a prototype any of these issues can be improved to bring this device into production.
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Figure 53: Proof of Concept Design
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Figure 54: Proof of Concept Design
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Figure 55: Pneumatic Stepper (Final Design, weighted my Scott Botelho)

63



14 Project Planning

The project management plan was the same for both the Fall 2018 and Spring 2019 sections
of this project. The overall goal was to maintain a consistent and achievable schedule based
off the respective Gantt charts for each section, both created in Microsoft office. The Gantt
charts were necessary as each project section spanned over several months with four team
members, making a concise and clear schedule is crucial. The major milestones and tasks
were broken down to make weekly achievable goals allowing the Gantt chart to generate
our projects current completion percentage at any time. The major milestones for each
semester were set and within these major milestones the individual tasks were broken down
and correlated to one another, creating a critical path. The critical path allowed the team to
have keep a current list of critical objectives throughout the project, allowing for a critical
tasks to be completed in a timely fashion. Each week the team members were tasked with
their individual critical tasks based on the Gantt chart schedule.

14.1 Fall 2018

For the fall section of the project the major milestones included the Critical Design review,
Proof of Concept Presentation, and finishing the Preliminary Design Report. Within these
major milestones the individual tasks were broken down and correlated to one another,
creating a critical path. The critical path allowed the team to have keep a current list of
critical objectives throughout the project, allowing for a critical tasks to be completed in a
timely fashion. Each week the team members were tasked with their individual critical tasks
based on the Gantt chart schedule, Figure 57.

The first major milestone completed was the critical design review. Leading up to this
the required critical tasks were completed on schedule. Each week the team reflected on the
task completed in the previously and looked forward to the upcoming critical tasks. During
the meetings a work breakdown structure could be created, utilizing each team members
strengths. After successfully reaching 100 percent completion on the first major milestone
the same system was implemented for the remainder of the project, moving forward to 100
percent completion on the project section.
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Figure 56: Project Plan Fall 2018
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14.2 Spring 2019

The same scheduling methodology was followed for the Spring semester. The major Mile-
stones included Building the Tree Climber, Testing, and the Final Presentation and Report.
Each major milestone included tasks that needed to be achieved within there set time span,
following the critical path, in order to keep the project on schedule.

Building the tree climbing was broken down into 5 tasks leading up to the goal of com-
pletion by March 18th, starting with redesigning the frame assemblies to account for the
new material choice, 80/20 aluminum extrusions. Now that there was a new frame design
it required redesigning the mounting positions for the pneumatic assistance system. With
the redesigns complete it was then critical to order the new required materials to physically
build the product. The first iteration of the new design was built on time, allowing the team
to move onto testing.

Testing was given a 14 day span to complete, overlapping with the building timeline,
as components were completed they were tested individually. As testing commenced issues
with the design were found, causing the team to step back into the build and resign process
once again setting the project behind schedule for a two week period leading up to the
Presentation and Report milestone section. The testing milestone was reached by the set
Milestone date, but not exactly how it was originally planned.

The final 31 days leading up to the 05/06/2019 project deadline was dedicated to the
presentations and final report. This section was completed as planned but team simultane-
ously continued to do several tests on the final product. These were functionality test to
try and optimize ease of use. The Team achieved the goal of completion by 05/06/2019, on
schedule and under budget.
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Figure 57: Project Plan Spring 2019
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15 Financial Analysis

The set project budget for Team 17 to build a tree climbing device was 500 dollars. This
budget was strictly for materials to build the device itself, the cost of the engineering team
and associated consultants were theoretically figured based on current pay rates in the en-
gineering field today. With this budget restraint in mind the team set out to complete a
financial analysis to ensure the project stayed under budget.

15.1 Bill of Materials

The initial bill of materials for the first design can be seen below, Figure 58. This design uti-
lized 6061 aluminum square tube, larger bolts, and different products to build the pneumatic
assistance system, including 2 pneumatic cylinders. This model came out to cost 501.50 dol-
lars, a majority of the cost was incurred in the 2 pneumatic cylinders and the assembly had
a theoretical total weight of 42.25 pounds.

Figure 58: Initial Bill of Materials

The final design bill of materials can be found below, Figure 59. This revised bill of
materials included the change in frame material choice to the 80/20 smooth slotted aluminum
extrusions, only one pneumatic cylinder, and revised bolt and strap connector choices. This
design cost a total of 463.95 dollars.
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Figure 59: Final Bill of Materials

15.2 Human Resource Allocation

The table below, Figure shows the total amount of man hours to complete this project
throughout the year. Each team member on the four man team averaged 10 hours of work a
week over the duration of the project. Assuming overhead cost and the average hourly wage
of a design engineer each team member was assumed to have costed 55.00 dollars an hour.
In addition to team member work professor and manufacturing consultation was included in
the cost and tabulated below, Figure 60.

Figure 60: Human Resource Incurred Cost
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15.3 Cost to Manufacture

Below are the cost to manufacture the initial and final designs. The first two figures 61 and
62 show the cost for a manual assembly, while Figures 63 and ?? show the semi-autonomous
cost to manufacture. The price difference between these two methodologies is 91.41 and 38.24
dollars per assembly respectively, which are substantial. The semi-autonomous methodology
has more start up cost, but this investment would pay dividends in the long run. This man-
ufacturing process assumes that the costumer would receive the parts required to assemble
the product themselves. This was chosen to maintain low manufacturing and shipping cost.

Figure 61: Manual Assembly Cost Analysis, Initial design

Figure 62: Manual Assembly Cost Analysis, Final design

Figure 63: Semi-Autonomous Manufacturing Cost Analysis, Initial Design
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Figure 64: Semi-Autonomous Manufacturing Cost Analysis, Final Design

15.4 Return on Investment

This section of the financial analysis for the tree climbing apparatus was done regarding the
initial design at the onset of the project to calculate the net present value and potential
internal return rate on investment over an eight year span, and decide whether the project is
a smart financial investment. The methodology aims for a project that has a higher internal
ROR than hurdle rate3. The spreadsheet, figure 65, below is summarizing of the ensuing
written documentation of methodology.

The derived net present value of $ 12,160,000 with an internal ROR of 177 percent was
based off a selling price of $ 899.99 in an initial operating market size of 10,000 units per
year, jumping to 20,000 in year 2 and then continuing to increase at a 10 percent per year
growth rate. Operating within this market, the goal is to gradually increase the products
market share for the first 4 years of operation. Starting at zero percent market share while in
development for year zero, ten percent in the first operating year, 35 percent in the second
year, and then leveling out at 50 percent for years three through eight. This yielded a
manufacturing quantity required for each respective year, 2,000 units for year one, 7,700
units for year two, increasing relative to market size until reaching a final value of 19,487
units in year eight. With these given values, it is now possible to calculate a manufacturing
cost per unit.

Assuming the year 2 required quantity of 7,700 units, the manufacturing cost per part
was calculated. A local manufacturing expert was consulted on required overhead costs and
basic operational requirements to manufacture the apparatus. With a 260 work day year
and one, eight hour shift per work day, it would require the production of 29.615 units per
day. This breaks down to 3.7 units per hour or 16 minutes and 12 seconds per assembly.
This time constraint made a manual assembly line unreasonable. Based on figure 61, the
average time to complete the manufacturing of one unit manually was 3.45 hours, totaling
603 assemblies per year. This did not meet the 7700 unit per year goal and incurred a cost of
$ 97.88 per completed unit. This cost and assembly time was inapplicable so figure 63, was

3The hurdle rate is the required amount of internal return to move forward with a project
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generated assuming a mostly automated assembly and manufacturing process. This brought
the total assembly time down to under the 0.27 hours per unit and incurred a cost of $ 6.29
per unit. This cost was derived assuming a machine operating cost of $ 12.51 per hour, and
a labor rate of $ 17.72 per hour. Each individual operation was allotted its required time
to reach completion for the equivalent of one complete frame assembly. A manufacturing
overhead cost of 100 percent, equipment overhead of 50 percent, and tolerance factor of 25
percent for miscellaneous servicing of the machines or faulty parts, were then included before
calculating a final cost of $ 6.29 per part. This price does not include initial investment for
machinery or area of operation, so a capital expenditure of $ 250,000 was included.

Based off the bill of material, figure 58 manufacturing cost, and a freight out cost of
$ 15.00 per unit, the final cost per part was $ 516.51. Based off our market share and
the correlated units sold per year, a gross profit margin of 43 percent was generated for
each year. Afterwards project expenses and sales cost were added. It was assumed that
two sales representatives each with a $ 60,000 annual salary, $ 10,000 of market research,
and $ 20,000 of advertising would be required for launch. Including the already incurred
cost of prototyping, $ 42,760, which is broken down in figure ??, the earnings before tax
were generated. From here a business tax rate of 39 percent and depreciation of machinery
assumed to be $ 25,000 per year were deducted, to yield the operating cash flow. From
this the working capital rate of 15 percent was deducted to yield the products free cash flow
generation. The start up capital, or the free cash flow of year 0, totaled $ 367,584; this would
be recuperated by the second quarter of year two on the market. Using the net present value
formula with a 10 percent cost of capital and subtracting out the start up capital, the $
12,160,000 valuation was calculated. The internal ROR was calculated using the free cash
flow values for years 0 through 8, returning a 177 percent value. Since our internal ROR was
greater than our hurdle rate, or required internal ROR to move forward with the project, this
project is considered a GO based on this investment decision methodology. The projected
statement of income were also generated for 2019 and 2020, assumed to be year 1 and 2 on
the market, and shown in figure 66.
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Figure 65: Cash Flow Model
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Figure 66: Projected Statements of Income
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16 Operation

One of the main design requirements was ease of use/operation. This device is portable and
can be set up by one person. After the frame is built and all the bolts are tightened, it is
recommended to travel with the cylinder mounted on both frames to facilitate portability.
After the device is brought to the desired tree to be climbed, the operator should set the
whole device on the ground as close to the tree as possible. Then the bottom frame can be
strapped to the tree and slightly lifted. This will set the bottom frame in place and the top
frame can now be strapped to the tree and lifted so the tree climbing device is stationary
at full stroke. This process should only take a few minutes. With the CO2 tank clipped
to the operator as desired, whether it is clipped to a belt or elsewhere, they can step onto
the bottom frame to then climb up to sit on the top frame. Once on the top frame, the
operator connects the air system to the manifold and desired pressure can be set using the
dial on the regulator (recommended 20-70 psi depending on how much weight is applied to
the system). Now the operator is ready to being ascent. The right position on the manifold
pushes the top from up and the left position lifts the bottom frame. The middle position
acts as neutral where no air is applied. Firstly, put the manifold in the left position and the
bottom frame should be lifted and locked into place since the device was originally set at full
stroke. Once the bottom frame is set in place, the operator clicks the manifold to the right.
If done correctly the operator will stand up and the top from will follow. Sitting on the top
frame and putting the manifold in the left position will now raise the bottom frame. After
the force couple is applied to the bottom frame the process is ready to be repeated until the
operator reaches the desired height. Once at that height the manifold should be kept in the
middle position and the air regulator can be dialed to the off setting and the operator can
fulfill their purpose in the tree. When the job is done in the tree, the descent may begin.
The air system can remain off to save CO2 since gravity will substantially assist descent.
The operator must do opposite of how they ascended, and begin with uncoupling the bottom
frame to where they can stand on the bottom and likewise uncouple the top frame and let
it fall. Once the top is dropped down, the force couple can be set and the operator can sit.
Then the bottom can move down and this process is repeated until they reach the bottom of
the tree. To finish the process, unhook the cables and the device can be carried to the next
tree. Extra CO2 tanks can be carried if multiple trees need to be climbed before refills. To
refill the tanks, they must be brought to professionally trained personnel.
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17 Maintenance

Maintenance to individual parts will include replacement parts. If any of the bars break
or shows signs of deformation (bending, cracking or chipping), they must not be put under
any additional load and need to be replaced. The same goes to the bolts and brackets. It
is imperative to check the device for bar deformation before each use. If the frames have
any loose connections they must be tightened and remain tightened. If problems occur to
the air delivery system the lines can be reinserted to the quick connect fixtures. If the
lines have any leaks they should be replaced. The CO2 tanks may be brought to any refill
station to be fixed by a professional, but O-rings can be replaced by the operator. Under the
circumstance of manifold or regulator malfunction they also should be replaced before reuse
of the device. If there is an air system failure during operation on the tree, the device is safe
to use without it, but there will be less or no supplementary air assistance. The cylinder
must not be tampered with, if there are any issues with the cylinder, it can be brought to a
professional to fix of if necessary can be replaced.

Disposal of metal parts goes as desired. Air delivery lines may be disposed as desired as
well. CO2 tanks must be disposed of properly at any refill station.
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18 Additional Considerations

18.1 Economical Impact

There are many ways products introduced into the market can impact economics. Our
product was not made final, but if our design were to be implemented to the targeted
professions, there could be an impact to arborists prices and possibly the price of coconuts
and other harvested resources. The market for hunters wouldnt be affected too much simply
because there are many other competitive products being sold for cheaper. Although our
design is a little more innovative than most. Overall there would not be outstandingly
noticeable impact to the economy from this product.

18.2 Societal and Political Impact

There seems to be no society of political impact. This device has be made for a very niche
sector of the market.

18.3 Ethical Considerations

This product is ethically sound. It was designed around safety to the environment, specifi-
cally the trees it is used on.

18.4 Health, Ergonomic and Safety Considerations

Once a seat is implemented the two frames will be ergonomically satisfactory. Of course
with a product like this, there are some safety concerns. The operator must practice caution
using this device, there is always a risk factor while working in high places. Although the
design has a sufficient safety factor for the integrity of the frames, the safety concern lies on
the risk of falling off the device.

18.5 Environmental and Sustainability Considerations

There is no risk to the environment from this device. The pneumatic cylinder uses CO2 which
is naturally produced. This will not create an impact on the environment. Because this
product can be operated without the cylinder it is completely sustainable, but if considering
the CO2 usage, that is a minor issue and can easily be refilled.
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19 Conclusions

The design we have manifested works and it meets the desired design specifications, but
areas of the system could use some improvement. The ABAQUS analysis determined a safety
factor of... for the frame, so thinner lighter metal could be used. Also, it was determined that
the bracketing system of the aluminum bar we used was tedious and not worth the effort.
Meaning holes were drilled and bolts used to connect the parts. This made the intricate
design of the beams to be unnecessary and to strong. It would be recommend to do another
analysis using the same frame dimensions to determine the thinnest and lightest metal that
could be used. Then drill holes and use bolts to connect all parts. This should save on
money and weight of the system; while making machining and assembly much easier.

The arm should also have another analysis done, mentioned in the analysis section, to
increase the number of arm slots to optimize the ranger of trees that can be climbed while
minimizing the change of the pitch of the seat between different size trees. The arm should
also be made longer to make it easier to mount and ascend/descend larger trees. The system
should be able to work on larger trees according the the analysis, but it was not able to be
put into practice due to the short arms.

The longer arms and more holes will allow the rope to be tensions straight across the
back side of the tree. Minimizing the amount the rope needs to wrap around the tree, it’s
length, and with it it’s weight. With less weight and more tension there will be less sage and
the rope will follow the system up and down; allowing for optimal catching. The arm angle
should also be made adjustable and also lockable. Right now the arms are allowed to swing
when stressed, causing the arms to squeeze the tree. This adds more fiction and holding
force, but cause the system to get caught and damage the tree.

A series of safety straps could be recommended. The most important one would be a
strap connected the two systems together. It was observed during testing that it the piston
is opened all the way, the to systems could become to far apart to operate; leaving the user
suspended on the tree. With that in mind another strap could be used to allow the arms to
assist the bottom system up instead of the legs, since using the legs was a struggle.

We don’t believe it to be a wise idea to strap into the system, because if it were to fall
the user would be strapped to it and forced to land on top of the system or have the system
land on them. As a backup safety precaution, it could be a good idea to mount a repel point
of the back and go up with a rope. If the system got caught up or became to separated and
the air system and manual operation both failed; the user would not be trapped, but instead
could repel down with ease if they brought a safety rope and repel gear.

If these changes are added made to the manufacturing of the system we believe our
functioning system would be even better; sleeker, lights, more optimal, easily adjustable,
easy to transport easy to use and learn how to use, while keeping the user, the tree, and the
environment in general safe.
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United States Patent 7,748,497
Tolliver ,   et al. July 6, 2010

Portable climbing tree stand 

Abstract

A foldable climbing tree stand platform includes a first section having a first arm rotatably coupled to the first
section and a second section having a second arm rotatably coupled to the second section. A hinge rotatably
couples the first section to the second section, wherein a platform position is obtained when the first section
and the second section are substantially coplanar, and a packed position is obtained when the first section and
the second section are rotationally folded onto each other and the first arm and the second arm are contained
therein. A securing member is connected between the arms, wherein the sections may selectively engage an
upright support and the securing member selectively surrounds the upright support for providing cantilevered
support when folded into the platform position. A foldable climbing tree stand system is also provided.

Inventors: Tolliver; Randy (Carleton, MI), Tolliver; Robert (Carleton, MI)
Family ID: 38573966
Appl. No.: 11/279,120
Filed: April 10, 2006

Prior Publication Data

Document Identifier Publication Date
US 20070235259 A1 Oct 11, 2007

Current U.S. Class: 182/136; 182/135
Current CPC Class: A63B 27/00 (20130101); A01M 31/02 (20130101)
Current International Class: A63B 27/00 (20060101)
Field of Search: ;182/136,135,187
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Figure 72: Portable Tree Climbing Stand

86



 
    

  

 

 ( 11 of 11 )

United States Patent 5,842,540
Mancini, Jr. December 1, 1998

Rotary tree climbing stand 

Abstract

A rotatable tree stand that allows a hunter or wildlife photographer to comfortably and safely shoot or
photograph approaching wildlife. The tree stand has two primary components. The first is an upper support
which contains the seat structure and an assembly for attaching the seat structure to the tree, comprised of an
upper brace and lower brace. The second is a lower support which contains a platform and an assembly for
attaching the platform to the tree. The supports engage opposite sides of a tree trunk in offset transverse
planes of the trunk, thereby allowing a cantilevering action when the seat structure is occupied allowing the
downward force of gravity to act through the braces and in opposing directions against the tree trunk, thereby
firmly gripping the tree. The platform is positioned directly below the seat structure, such that, when the user
is situated within the seat structure, his feet can rest comfortably on the platform. A tubular frame is attached
at its outer side to both the upper and lower brace and is attached, via rollers, on its inner side to a rotatory
track. The rollers are disposed within the rotatory track and are attached to the tubular frame. Attached to the
inner side of the rotatory track is a seat. The roller and rotatory track assembly allow the user to rotate the
seat assembly 360 degrees, allowing the user to face approaching game regardless of the direction.

Inventors: Mancini, Jr.; Julius P. (Greenville, MS)
Family ID: 26723094
Filed: April 30, 1998

Current U.S. Class: 182/136; 182/187
Current CPC Class: A01M 31/02 (20130101)
Current International Class: A45F 3/26 (20060101); A45F 3/00 (20060101); A45F 003/26 ()
Field of Search: ;182/135,136,187,188
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Figure 73: Rotary Tree Climbing Stand
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United States Patent 8,517,066
Van De Mortel ,   et al. August 27, 2013

Multi-axis controlled self-climbing tree trimmer 

Abstract

A multi-axis controlled self-climbing tree trimmer used for shaping and severing peripheral growth from a
tree is provided herein. The trimmer typically includes a structural segment hinged together to form a rigid
chassis that surrounds a tree trunk climbing segment and a trimming portion. The climbing portion is retained
within the structural segment in the form of a number of inward-extending carriages containing one or more
rollers for gripping the tree trunk during climbing, and the trimming portion may include a rotatable split ring
gear containing centrifugally rotating trimming blade members and/or a cutting tool on a positionable arm.
When rotated, the blade members unlatch and pivot, into the trunk of the tree to effect controlled trimming.
The system may utilize a multi-axis control system that uses linear interpolation, circular interpolation and
coordination of all axes to enable the trimmer to follow an XYZ contour selected by a user.

Inventors: Van De Mortel; Mike (Yorba Linda, CA), Hipwell; Christopher A. (Torrance, CA)
Applicant: Name City State Country Type

Van De Mortel; Mike 
Hipwell; Christopher A.

Yorba Linda 
Torrance

CA 
CA

US 
US

Assignee: Vandypalm, Inc. (Irvine, CA) 
Family ID: 48999606
Appl. No.: 13/591,131
Filed: August 21, 2012

Current U.S. Class: 144/24.13
Current CPC Class: B27L 1/06 (20130101); A01G 23/0955 (20130101)
Current International Class: A01G 23/095 (20060101)
Field of Search: ;144/208.2,343,24.13

References Cited [Referenced By]

Figure 74: Multi-Axis Controlled Self-Climbing Tree Trimmer
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United States Patent 7,971,685
Simone ,   et al. July 5, 2011

Pump jack tree stand 

Abstract

The invention comprises, in one form thereof, a pump jack tree stand including a platform and a seat
engaging a pump jack. The pump jack cooperates with a pole that is supported by an adjacent tree. The user
actuates a foot lever on the pump jack to climb the pole. The pump jack's release is hand actuated as opposed
to the commonly used foot-actuated release.

Inventors: Simone; Anthony (Webster, NY), Garcea; Frank (Churchville, NY)
Family ID: 38320926
Appl. No.: 11/670,222
Filed: February 1, 2007

Prior Publication Data

Document Identifier Publication Date
US 20070175702 A1 Aug 2, 2007
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Application Number Filing Date Patent Number Issue Date
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Figure 75: Pump Jack Tree Stand
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United States Patent 5,097,925
Walker, Jr. March 24, 1992

Tree walker 

Abstract

A lightweight, portable, tree-climbing device to provide a stable, elevated, horizontal, platfrom utilizing two
separate elements for a hunter or observer. The uppermost element accommodates the user in a sitting
position while the lower element accommodates his feet. The user faces the tree during the ascending and
descending processes but has the option of facing the tree or leaning his back against the tree during his
hunting or observing activity. Each element has tubular supporting members, which, along the the ends of the
supporting cables, have predrilled holes, thus allowing for the selective adjustment of each element during
initial attachment. The device further provides for selective adjustment of the support cables as the user
ascends and descends the tree. The device further allows the user to climb past limbs without first having to
cut them from the tree.

Inventors: Walker, Jr.; George T. (Dothan, AL)
Assignee: Walker, Jr.; George T. (Dothan, AL) 
Family ID: 24143484
Appl. No.: 07/537,636
Filed: June 14, 1990

Current U.S. Class: 182/135; 182/187
Current CPC Class: A63B 27/00 (20130101); A01M 31/02 (20130101)
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A01M 31/00 (20060101); A63B 27/00 (20060101); A01M 031/02 ();
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Figure 76: Tree Walker
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Figure 82: Scott’s Designs Page 7

96
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