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1. Executive Summary
Triple Tree Aerodrome is a non-profit company that hosts RC and small plane airshows.

They want a water delivery system that will allow them to wet gravel road because there have

been complaints about dust getting into guests food, affecting  plane parts, and making it difficult

for the guests to enjoy their time at the facility

The needs of Triple Tree were determined by meeting with the sponsor, then ranking the

list of requirements, and after a detailed analysis it was determined that the system needed to be

easy for volunteers to operate, able pump water into any truck, and extremely safe were critical

to satisfying those needs. It was then decided that a product to satisfy their requirements would

need to have easy to use parts, pump water 12 feet to the top of a truck, and have safety features

that have the user in mind. It was determined that the product mission should be: “Triple Tree

Aerodrome needs a water delivery system that is able to pump water 10-12 ft above water level,

universal to all different water trucks and trailers, easy to repair if needed, easy for the average

person to operate, and relatively inexpensive.” Given the above requirements, multiple concepts

were researched and considered, as described in this report. The ultimate concept selected to best

satisfy Triple Tree Aerodrome’s needs was a wooden structure that ran pipe up 12 feet, and had a

fire hose at the bottom that could be used to fill trucks from the base of the tank. Details related

to concept selection and subsequent product architecture are supplied. Structure strength, flow

rate, and durability are critical to functionality, and detailed engineering analyses are provided,

demonstrating how the structure withstood forces from the water pressure and use, the rate in

which a large truck could be filled , and the strength at the joints of the lumber while under a

load. The design was optimized to hold the weight of the water and to support the moment force

created by the water flow and because of this joint strength was a top priority as well as material

strength. The structure was tested by completing set-up and flow rate tests after installation in

3



order to simulate the normal use of the system. An Economic analysis of the structure was

completed and the results indicate that, for a $600 investment, Triple Tree will upgrade their

facility and increase the happiness of guests at their facility. Looking into the future, if joints are

wanted in the pipe the strength of the PVC will need to change to pipe rated to hold pressure.

The initial flow rate specification was not met but the fallback specification was exceeded. All

other specifications were met or exceeded in testing.
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2. Background

Triple Tree Aerodrome is a non-profit airfield that hosts RC events as well as piloted

aircrafts and doubles as a campsite for its visitors. Visitors of all ages and from all over the world

come to Triple Tree to see the air shows and to spend time at their facility. There was an ongoing

issue of dust kicking up from gravel roads when they are driven on causing debris to get in

peoples food, potentially into the planes air intake, and guests to breathe in the dust while on the

grounds. The main objective of the water delivery system is to improve the current process used

to fill the water truck that wet the gravel roads to minimize the dust. Previously there was an

unsafe, and at times ineffective fill-up system that would put volunteers in harm’s way and not

solve the problem, and the new pump system is set to fix those issues.
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3. Customer Needs

3.1 Introduction

The sponsor for this project is the Triple Tree Aerodrome with Robb Williams, Allen

Evans, and Pat Hartness. For the project on hand, Triple Tree Aerodrome is in need of a better

system for transporting water to dampen the roads. This system will affect those who work at

Triple Tree, the volunteers who spend their time there, and guests who come to watch air shows.

This process is already being done; however, the water is currently shipped using a truck from an

off-site source. There are three water sources (two lakes and one river) with some pre-existing

structures on-site to aid in the development of the water delivery system.

3.2 Methodology

These needs were compiled during team meetings after reading about the project and

visiting the facility and taking notes on the current system. Collaborated in meetings was used to

find the needs that best fit the problem and then voted to find the most important needs.

3.3 Interpretation of Needs

1. Universal to all trucks - The system needs to be able to attach to all types of fittings and

be able to pump to the top of a truck or trailer if needed

2. Cost efficient - replacement parts need to be easily accessible and not overly expensive in

the event of a part breaking

3. User friendly - the average volunteer needs to be able to operate this system without help

and with minimal training, as the people operating the system are all volunteers.
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3.4 Prioritization of Needs

When prioritizing the needs of the project 31 different needs that were deemed most

important to the client. Next, each group member had 20 points each and decided which of the

needs were the most important, at then end of the first round of voting a top 5 was determined.

For the second round of voting the top 5 from the first round was used , then voted which was

most important. In the first round the higher the number the more important. In the second round

needed were  ranked 1 through 5 with 1 being the most important and 5 being the least

important.

The outcome for the needs report is shown below in the table. The project should be

highly adaptable and universal to all kinds of water trucks, highly user friendly and inexpensive

to repair. These are the three biggest takeaways gathered from the meetings and will bring them

to the forefront when moving forward with the project.
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Table 3.1. Round 1 Customer Needs Matrix
Needs Wyatt William Josh Mateo Steven TOTAL

Easy to operate 1 1 2 2 1 7

Cost effective to operate 1 2 1 1 2 7

Safe to operate with minimal training 1 1 1 1 1 5

Able to withstand outdoor conditions 1 1 1 1 1 5

Easily accessible by heavy vehicles 0 0 0 0 0 0

Durable 1 1 1 1 1 5

Easy to maintain 0 0 1 0 0 1

Able to be easily powered down 0 0 0 0 0 0

Ability to change fittings easily 1 1 1 1 1 5

Compatible with different water delivery systems 1 1 1 1 1 5

Height adjustable 1 1 1 1 1 5

Able to pump water 10-12 ft above water level 3 2 2 2 2 11

Relatively inexpensive to build 1 0 1 1 0 3

Replacement parts should be easy to obtain 2 2 2 1 2 9

Able to be operated by 1 person 0 1 0 0 1 2

Energy efficient 1 0 0 0 0 1

Easy to repair if it breaks 1 1 2 1 1 6

Minimal training required 0 0 1 1 1 3

Erosion control 0 0 0 0 0 0

Able to order parts easily 0 1 0 1 1 3

Environmentally friendly 0 0 0 0 0 0

Easy to store 0 0 0 0 0 0

Won't rust 0 0 0 0 0 0

Training not required 0 0 0 0 0 0

Easy to refill 0 0 0 0 0 0

Not strenuous work 1 1 0 1 1 4

Reliable rental vehicle 0 0 0 0 0 0

Sensable path/system for vehicle 0 0 0 1 0 1

Uses surrounding structures 0 0 0 0 0 0

integration of preexisting structures 1 1 0 0 1 3

Easy to order replacement parts 2 2 2 2 1 9

Total Votes: 20 20 20 20 20
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Table 3.2. Round 2 Customer Needs Matrix
Customer Need Wyatt William Josh Mateo Steven Total

Able to pump water 10-12 ft above
water level 1 1 2 1 1 6

Relatively inexpensive to build 5 5 5 5 5 25

Easy to order replacement parts 2 2 1 3 2 10

Easy to operate 3 3 3 2 3 14

Cost effective to operate 4 4 4 4 4 20
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4. Project Specifications
4.1 Introduction

Triple Tree aerodrome is in need of a better system for transporting water to dampen the

roads. Triple Tree Aerodrome needs a system that is able to pump water 10-12 ft above water

level, universal to all different water trucks and trailers, easy to repair if needed, easy for the

average person to operate, and relatively inexpensive. These needs are broken down, specified in

their functionality, and defined by how they will be measured in order to rank the correlation

between needs and requirements for the customer. The system will be able to take all customer

needs into account in terms of how they correlate for an optimal design.

4.2 Needs Metrics

The needs that were chosen to carry forward in the designing of this project are illustrated

by Table 1, where they went through a process of selection. It was decided to focus on the needs

directly related to the water delivery system, reducing the original 31 needs to 17 needs. Those

chosen to not carry forward were the ones more reliant toward other factors, such as the project

being environmentally friendly, including a reliable vehicle rental source, and the use of

surrounding structures where the project will take place. For the success of this project, the needs

were narrowed down  in order to focus on the most important ones and avoid driving ourselves

in the wrong direction by spending too much time on the least important aspects of this project.
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Table 4.1. Needs Metrics

Table 4.2. Needs Metrics Matrix
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Table 4.3. House of Quality Matrix

This table shows the correlation of needs and requirements and their importance. This

table and its values show how important it is for the project to be universal between all size

tanks, fittings, and trucks. It also highlights the importance of being user friendly, and efficient.

This data shows the main areas of focus that are not only important to the project needs, but to

the requirements for how the pump functions.

4.3 Target and Fallback Specification

The target output for the pump system is that it should have a flow rate of at least 200

GPM, have a pump head of at least 50 feet, cost no more than 500 dollars, time to receive

ordered replacement parts should be 3 days, and should take less than 5 minutes of training to be

able to safely operate. As a fallback, a flow rate of 150 GPM was set, 40 feet of pump head, a

maximum cost of 750 dollars to construct, a maximum of 5 days lead time to receive

replacement parts, and have the ability to be safely operated after 10 minutes of training.

Table 4. Target and Fallback Specifications
Target Fallback

Flow Rate (GPM) 200 150

Pump Head (ft) 50 40

Cost ($) 500 750

Easy to order
replacement parts
(Lead time - days)

3 5

Training (minutes) 5 10
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4.4 Conclusions

Making the system relatively cheap, having the ability to move a high volume of water in

a short amount of time, building with easy to order part replacement, a low training time and

ability to move the water a large height for filling tanks were all required. These requests were

what helped us narrow sights on the project at hand. Creating the needs matrix as well as setting

the target and fallback specifications will allow for real headway to begin on the project at hand.

The group can now begin focusing on creating types of prototypes and start moving forward in

selecting the perfect water delivery system that will fit all of the customer’s needs listed above.
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5. Functional Concepts
5.1 Introduction

The functional decomposition is a breakdown of the functions that the product must be

able to perform. The functions were mapped out in a Functional Decomposition Diagram to list

all the possible ways each function can be achieved in the most efficient and user friendly way

possible. The process for identifying all the functions for the water delivery system consisted of

individual research assigned to each of the group members, followed up by a series of meetings

that allowed the ideation for the variety of ways to satisfy all the functions. In which, five were

narrowed down by a team ranking assessment to present the top five to the project sponsors for

the functional concept of the water delivery system.

5.2 Functional Decomposition

A Functional Decomposition is a method of analyzing a complex process in order to

understand its individual elements. The water pump system has numerous parts and steps that

will work together to fill the water trucks that all start with extracting the water from the on-site

lake. The operator will first need to connect the system to the truck before turning anything on

using the proper fitting.  The pump will then be turned on from its power source and the water

will travel through the system with minimal loss to the delivery system. The operator will then

turn a valve to allow the water to flow through the delivery system and into the water truck.

Once the truck is full, the operator will close the valve and turn off the pump to stop all water

flow. The process is completed when the operator disconnects the hose and it is stored properly

on the system.
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List of all Functions
1.) Extract water supply using the lake as the source

2.) Direct water flow into truck
3.) Connect hose to truck

4.) Receive user input to begin water transportation
5.) Hold water within the system

6.) Receive user input to begin filling truck
7.) Pump water supply into the water truck
8.) Receive user input to stop filling truck

9.) Receive user input to turn off water transportation
10.) Disconnect hose to truck

11.) Store Hose

Figure 5.1. Functional Decomposition Flow

5.3 Concept Combinations

The Concept Combination Table, CCT, is the display of the alternative solutions to

functional problems for the watery delivery system. The table was constructed as a proposal to

evaluate each alternative solution to the functional elements within the water delivery system and

choose which method suits best the optimal build based on flow rate efficiency and user friendly

criteria.
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Table 5.1. Concept Combination Table
User
Activated

User
Engaged

Accept
Energy

Convert to
Rotational
Energy

Apply
Energy

User
Disengage

Switch Press Mechanical
Energy

Motor Impellor Press

Mechanically
Activated

Pull Electrical Mechanical Rotor Push

Pressure
Switch

Press Translational Motor Compression Turn/Rotate

Trigger Squeeze Translational Motor Compression Release

Valve Turn/Rotate Rotational Mechanical Rotor Turn/Rotate

The process for ideating and filling in the CCT was conducted by acquiring illustrations

for the functional concept of the water delivery system with their respective descriptions

illustrated by each team member. Alternative functional concepts outside of the personal

illustrations were taken in consideration to bring alternatives found through research in order to

bring diversity of ways for the functional problem. Key concepts that were required for the

construction of this table were the user interaction, which is a major area of focus for assuring as

user friendly and easy to manage as possible. Also, the conversion to rotational energy due to

being directly related to the flow rate, which is the second most important area of focus. Lastly,

the energy applied required substantial research to ensure the most adequate easy to follow

procedure that at the same time offers quick system activation response.
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6. Concept Selection

6.1 Introduction

Five preliminary designs were created  based on interpretations of the best solution.

Between these five designs, there were similarities but each design had its own elements that

made it different from the others. During a team meeting, each of the five drawings were looked

into and began the process to vote on the final design. The approach  of listing each design and

ranking categories about them from best to worst on a point scale with one being awful and five

being perfect. These categories will include cost efficiency, user friendly, environmentally

friendly, and overall effectiveness based on customer needs. This process will allow each group

member to express which idea they think best executes the requirements needed and will allow a

clear conclusion on the final design.

6.2  Concept Screening

Figure 6.1. Concept Screening Matrix
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For the concept screening, unique individual aspects from each of the designs were taken,

such as split outlets, free ranging hoses, single isolation valve, suspended hose, and local pump

control. While all of the designs completed the task at hand, the combination of their design

elements would create a product much more efficient and safe. The following selection criteria

was used; cost efficiency, user friendly, environmentally friendly, and overall effectiveness, and

decided if the concepts added to, did not add to, or were neutral to the selection criteria. The

sums of pluses, minuses, and zeros were then totaled for a net score. The concepts were then

ranked and the top three concepts moved on to the next round of evaluation.

6.3 Concept Ranking

Figure 6.2. Concept Ranking Matrix

When ranking the three chosen concepts, the process started by adding a weight to each

of the selection criteria.  The  selection criteria was weighted by ensuring the overall product

would have the highest user friendly rating and would ensure the volunteers would have an easy

time using the product. Each concept was ranked on a scale of 1 to 5. The rankings were

multiplied by the weight and a total score was tabulated. It was found that each of the concepts

received a score above 3.5. It was then decided to combine each of these concepts into the final

design.
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Final Concept

Proposal (4)

Proposal (1)
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Proposal (5)

When generating the final concept, the group decided to combine the best aspects of the

individual concept generations instead of picking a singular design. While both proposals were

good overall, it was decided it would be best to take the best properties and combine them into

one suitable design. Looking at the concept ranking you can see the different design properties

and how it was decided to incorporate them into the final design,  picked the splitting of water

outlets from proposal 1, suspended hoses for easy maneuverability from proposal 5, a local

control box to allow for an easy operation for a worker from proposal 5, and a buried cement

base with a support structure being created out of an I-beam from proposal 4 were selected.

Some of the shortcomings for these designs were as follows, in proposal 1 there was not

significant structural support for the piping but the incorporation of turn off valves on split fill up

was a great design addition. Proposal 5 had the correct shape,with a J-shaped fillup station but

was an open system without a split fill up station and did not have a secure enough base.

Proposal 4 was the most complete, with a deep concrete base and enough structural support to

fully handle the weight of the hose and water, the only shortcoming was the lack of turn on and

turn off valves. Combining these properties would allow for a design with the highest user

friendly rating as well as being the easiest to operate for a one man team. This combination
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allows for a worker to start and stop the water pump from one location, allows for a wide variety

of water trucks to be used with two different fill up stations. It also allows for a tolerance with

which the operator is able to align his vehicle so it is easy for him to fill up the truck if he is

alone. The structure also needs to be structurally sound and reliable which is why it was decided

to use heavy and notably strong materials in the base and structure. When combining all these

individual aspects it was determined that the best possible design had been selected.
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7. Product Architecture

7.1 Introduction

Product architecture is the organization of a product's functional elements and the way

that these elements interact with each other. The project architecture breaks down each physical

component into what it does and the effects that it has on the other parts of the system. Making a

product architecture chart will allow the system to clearly display each component of the system

and display their function. This helps us get a visual on how each component will work with the

others and allow for us to see if there are any steps that are missing, or if there are any

components that are not needed to complete all of the needed functions. The main drivers for the

decisions surrounded the customer needs including the rigid piping, the downward spout with a

hose, and a top fill and bottom fill location. These decisions were driven by the need for a strong

and safe structure, easy access for a truck to pull right up to, and two outlets for different water

trucks making it universally accessible.

7.2 Product Layout

As seen below in Figure 1, all of the components can be seen and how they interact with

one another. This flowchart shows different chunks which are labeled electrical components,

natural components, and structure material. The electrical components are seen as the power

supply, pump, and on/off switch and these are all in this chunk because of the role they play in

regulating when the water is flowing and when it is not. The components in the natural

components include the lower lake and the ground of the facility due to them being pre-existing

on the property. The structure material includes the support structure, which will hold the rigid

pipe and the hose as the water flows. The rigid structure will allow for the water to be controlled
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easily and safely. In totality there are three groups of components that work together to achieve

the customer needs. The natural components give us a water source and an endpoint to see the

effect of the system. The structure gives the system a base to allow for the water to flow safely

and securely, while the electrical components actually turn the system on and off to allow for

control of the water flow with an easy know and button process.

Figure 7.1. System Groupings and Interactions

7.3 Interactions

The interactions in the system can also be seen if Figure 1. The main interaction follows a

linear path starting with the pump, piping, hoses, and the water truck. This interaction is the

flowpath from the pump to the truck. The second interaction deals with the inputs for the pump,

with the lake, switch, and the power supply having an effect on the pump. The third interaction

focuses on the support structure, with the switch, piping, and hoses being supported by the

structure. When deciding on the hose, it was ensured that it was at a proper height and length, so
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that when the system is running, the hose will stay in the water fill tank. This will be easier for

the volunteer because there will be no need to climb on top of the truck and hold the hose in

place. The ease of access to the electrical system also makes the system safer to use by keeping

the volunteer close enough to the structure  to watch the fill , while being far enough away that

they can stay safe and turn off the system quickly (about 50 feet).

7.4 Geometric Layout

Figure 7.2: CAD Geometric Component
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Figure 7.3: Close up of Rigid Pipes and Valves

Looking at the above figures 2 and 3, you can see the flowpath along the mechanical

design. The geometric layout helps the user visualize the flowpath and structure in the real

world. The design has minimal steps when transferring the water from the lake, through the

pump and structure then into the water truck. When coming up with the structure it was decided

to cater to the worker and design as little moving parts as possible to make their job as easy as

can be, since they will be mostly volunteers. While researching structures, it was  noticed that a

concrete base seemed to be the standard for structures like the one being designed. It was

realized that making a level concrete base would be difficult, so a nut and bolt leveling system

was incorporated. This system is set up with threaded rods through the concrete and leveling nuts

to adjust the structure corner by corner to ensure the structure is level. It was also decided to

keep the lower branch short and close to the structure, as a way to decrease the amount of weight

affecting the connection point between the I-beam and concrete.
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8. Engineering Analysis
8.1 Introduction

The water pump system is intended to fix the current efficiency and safety problem faced

by Triple Tree when filling their water trucks. Team 1 was asked to design a structure that would

allow for a truck to be filled safely, efficiently, and easily. The proposed design included a

concrete base reinforced with rebar, a 10 foot pole with a 4 foot arm extending out, a rigid pipe

running from the pump to the structure, and a flexible hose in order to allow for different filling

positions. The concrete base will be attached to the structure with threaded rods, locking nuts,

and leveling nuts.

Prior to the purchasing of any materials, engineering analyses are completed to ensure

that the proposed design will withstand forces put onto it by use and other elements. If these

analyses show weakness or failure, the design will be altered in order to fix the problem. At the

start of the calculations there were some assumptions made about the conditions:

● Dead load of all parts of structure = 90 -100 lbs.

● Live load of structure = 140 - 150 lbs.

● Maximum wind force acting on the structure  = 55 mph

○ This number was found by researching the maximum wind speed in the area over

the last 50 years and found a maximum wind speed of 48 mph during hurricane

Irma.

With these forces in mind, the structure and its strength under a dead load, the

deformation of the structure under extreme conditions while in use, and the stress and strain of

the structure compared to the material properties was analyzed. These all will ensure that the

system is able to be structurally sound, and that no fatigue will occur from unknown forces.
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Following the assessment of design components and assumptions, the previously discussed

engineering analyses were performed.

8.2 Analyses Performed

The water delivery system being designed will have a number of factors to consider in

order to maintain its structural integrity. These factors will be analyzed based on general

assumptions made by the team; as well as, supporting specifications detailed in part

documentation. The analysis includes the foundation of the structure, the stress/strain on the

joints of the materials, the moment created on the structure due to the force of the wind pressure,

as well as the load distribution on the structure as a whole. These calculations are used to ensure

a safe and dependable structure that Triple Tree can use and rely on for years to come.

Figure 8.1. System Free Body Diagram (FBD)

When first analyzing the system designed, an understanding of the forces acting on the

system is first needed. A free body diagram shown in Figure 1 outlines the basic forces acting on
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the system including the weight of the system, its normal force, the moment caused by the

extended arm, and the force from the water flow changing direction. All these forces summed

together give the total load acting on the system (live load). These numbers can be used to verify

the strength of the threaded rods, and design of the footing.

(Equation 8.1)𝐹 = 𝐹
𝑥
𝑖 + 𝐹

𝑦
𝑗 + 𝐹

𝑧
𝑘 = 𝐹

1
𝑒

1
+ 𝐹

2
𝑒

2
+ 𝐹

3
𝑒

3

First,  a sum of all forces in each direction is considered, shown in equation 1, which

allows for the structure to be analyzed looking at the external, constraint, and internal forces in

vector form. External forces are forces arising from the interaction of the water delivery system

and its surroundings. Constraint forces are the ones exerted by one part of the structure to

another, joints, connections and contacts between components. Lastly, the internal forces are the

forces within the solid structure keeping the components together to prevent structural failure.

All of these have to carefully be taken into account to correctly analyze the forces acting on the

water delivery system. The soil composition of the area securing the structure is made up of solid

red clay with a total surface area of 31.42 ft^2. The soil that has a compression strength of 33.85

Psi and a shear strength of 12.46 Psi. Together this will result in the soil to withstand just over 1

ksi. This is important when factoring in the high strength concrete that has a compressive

strength of 127.57 Psi and will be dispersed throughout the concrete and soil evenly. There will

be a stress analysis performed on the structure focusing on the connection from the structure to

the footing. The stress of the structure can dictate whether it will have a failure and how the

forces act on the structure. If the structure withstands the max loads tested, it can be assumed it

would withstand all forces less than that. Because the system is static, it is expected to hold the

maximum load tested of 190 lbs and withstand a wind force of 373 lbf over the entirety of the

structure.
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8.3 Modeling/ Analysis results

For the ease of conducting the calculations, MATLAB was used. Using known variables,

the maximum wind (drag) forces that will act on both the vertical beam and the arm of the

structure was calculated. These forces make up the forces in the x and y directions. To determine

the forces in the z direction, the combined weight of the piping, water, and the beam, multiplied

by gravitational acceleration was used to determine the maximum downward forces acting on the

beam. These three force vectors make up the Fx, Fy, and Fz variables in Equation 1. These were

input into a matrix in order to be used in CREO to determine the maximum stress and strain

acting on the structure.

Figure 8.2. Calculation Results From MATLAB

Using the wind forces, water weight and gravity acting on the structure all calculated in

MatLab, a simulation was constructed in CREO Simulate to fully calculate the maximum

displacement, maximum stress Von Mises and the maximum strain. All of the values fell within

the allowance of the material, meaning the structural validity of the aluminum structure is no
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longer in question. The simulations results are shown below, overall the tests performed exactly

as anticipated.

Figure 8.3. Calculation Results From MATLAB for Internal Reaction Forces

The arm supported by the structure undergoes compressive forces created by the water

load and structural weight. Therefore, understanding the supporting reaction forces acting on the

beam is important when having two separate pieces come together as a whole structure. In the

figure above a two-dimensional statistical analysis was conducted taking into consideration the

weight of the water circulating the system, the structure itself, and the pipes. Where A represents

the left hand bound, B represents the right hand bound, and C represents the midpoint of the

horizontal beam where the diagonal bracing connector is located.

Stress analysis was conducted using Autodesk Inventor to analyze the stresses on the

structure, the displacement, and safety factor of the structure under a dead and live load. Because

this will be a static structure, a maximum load of 90 lbs (Force from water), and a maximum

wind force of 373 lbf (Acting on the totality of structure) was used for analysis. The resulting

analysis found the maximum stress in the structure to be 9.84 ksi for the dead load (Figure 5) and

652.25 ksi for the live load (Figure 6). For this comparison, the concrete is expected to undergo

less stress than its compressive strength of 28 MPa and is not expected to fail under the forces.
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However, the main material undergoing stress and strain of the structure are the steel threaded

rods that can handle a maximum load of 3,500 lbs or 12,000 psi. The structure is expected to

remain intact, as the total force acting on the structure is distributed between 4 threaded rods

which can handle up to 48,000 psi in total and a minimum of 24,000 psi in a single direction. If

in the case of hurricane force winds, the structure may have some displacement and could

possibly break at the rod to plate connection due to the abnormally large amount of stress placed

on the rods. This ultimately depends on the direction and strength of the wind force, but in reality

this system should not be used while hurricane winds are in effect. Therefore, the system is

expected to stay intact under all resulting forces acting on the structure.

Figure 8.4. Dead Load Von Mises Stress Figure 8.5. Live Load Von Mises Stress

The above figures show that minimal stress is occurring on the actual plates itself, but more to

the threaded rods and concrete structure. A Large difference in max stresses was expected

because of the large moment occurring from the extended arm.

Other factors to consider are the displacement of the structure and the safety factor. The

stress analysis also provided results in these areas where the displacement was minimal for the

dead load at 0.05 inches and 2.4 inches for the live load due to wind. These can be seen in Figure

7 and Figure 8; however, the bending is not drawn to scale.
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Figure 8.6. Displacement of Dead Structure Figure 8.7. Displacement of Live Structure

When looking at the dead load, the structure does not move much at all which is ideal. The live

load has a larger displacement of over 2 inches, so there could be the possibility for material

failure in the aluminum tubing. However, this is testing close to hurricane wind forces, so is to be

expected.

The last component to analyze is the safety factor of the structure. This shows how

probable the material or part is to withstand the forces acting upon it. The simulation was run and

there seemed to be a lot of failure occurring at the weld between the tubing and the steel plate; as

well as, failure occurring where the nuts rest on the concrete. The safety factor of the dead load

can be seen in Figure 9 showing little failure, but possibilities at the corner of the welds. The

safety factor of the live load can be seen in Figure 10 showing more possibilities for failure.
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Figure 8.8. Safety Factor of Dead Structure Figure 8.9. Safety Factor of Live Structure

The software being used was not allowing a simulation where the leveling nut was not coincident

with the surface of the cement, so the simulation was run as if it was in contact. This was

expected and can be fixed by simply adding a lock nut that neglects the force acting down on it.

The other area to analyze is the weld at which the tubing meets the plate. The weld shown is only

0.25” so a larger bead could suffice, or more bracing material would be needed to withstand

wind loads.

8.4 Conclusion

To ensure that the structure would be able to withstand normal use and other external

forces from being outside, there were many different analyses that were done to calculate the

strength of the frame, base, soil, and connecting parts. In order to ensure the metal structure was

strong enough, there were calculations done to test how much of a static load it could hold, and

also a shear test to calculate the ability to withstand wind with preexisting weight on the

structure. The material properties of the concrete are expected to withstand all forces, as the

concrete has a compressive strength of just over 4 ksi. The steel rods will undergo the most strain

of about 9 ksi under a dead load and over 652 under a live load with hurricane strength winds;

because the steel rods each have a tensile strength of 12 ksi, the rods are expected to withstand
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the resulting forces acting on the structure because they will togeth work to have a maximum

strength of 48 ksi and a minimum strength of 24 ksi in a single direction. Next, the dimension of

the concrete base was calculated by using the total working weight of the system and the

allowable soil pressure in the area. The soil will be able to withstand just over 1 ksi; however, the

main stress will have been displaced before it affects the soil structure. Finally, the concrete base

and metal structure are connected by threaded rods, leveling nuts, and locking nuts so there was a

shear analysis done to ensure that the threaded rod would not break under the working weight,

and that the nuts would not fail under the pressure of the structure. The stress showed minimal

displacement in the structure under no major load, and has a level of passing with extreme wind

and max conditions. The live load does show areas of failure, but these can be fixed with a larger

weld bead at the base of the tubing to the plate, or including reinforcement on the sides to take

the load off of the weld. After the engineering analyses it has been concluded that the structure is

capable of withstanding forces put onto it by use and nature, but does need to be slightly altered

to maintain its structural integrity under the max live load.
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9. Manufacturability
9.1 Introduction

The process to determine manufacturability is broken down into the categories of

assembly, serviceability, durability, and cost. These different aspects are known as Design for X,

or DFX. In terms of assembly,  the structure was designed to have as little parts as possible, and

parts that could be easily replaced if needed were found to help with lead times on repairs. This

allows for easy repairs and fewer components to purchase. To make the system more durable, the

size of the weld used was changed in order to ensure that the structure would be able to hold the

required weight.

9.2 Design for Manufacturability and Assembly

The final design will need to be manufactured correctly in order to ensure user safety and

the peak efficiency of the pump. In order to do this specific guidelines will be followed in order

to guarantee the ease of manufacturability and assembly.

1. Ensure that the weld beads are the correct dimensions to ensure that forces on the base

will not cause failure at the joint.

2. Ensure the piping and hoses are properly sealed in the most compact way to avoid them

moving around and coming out of place leading to repetition of the assembly in a more

proper and secure manner..

a. This will prevent the hose from whipping around due to the fast moving water,

thus ensuring that the user will not be in danger due to the hose nor risking the

piping components coming apart.

3. Ensure joints are properly held together by using PVC cement and seal tape as part of the

proper fabrication process.
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a. There will be different joints used in order to move the water up the structure and

they will be properly connected so there are no leaking parts or potential bursts

when the water is flowing.

Since Triple Tree will complete the assembly and installation of the concrete base after

the metal and pipe structure is assembled, a design and manufacturing plan with the fewest

number of moving parts was decided on . This ensures the product being constructed and

assembled will be within the safety threshold favoring the ease of manufacturability and

assembly. The uniformity of the assembly process for the tubing of the system and detailed

fabricating process for the welding of the metal structure are two major contributing factors.  The

analyses done were carefully designed to ensure the project sponsors can follow the analyses

about the assembly and manufacturability of the water delivery system with ease in order to

ensure that the base of the structure will be carefully designed to hold the structure, as well as

stand up to the different forces that were tested. When the full assembly is complete, the

structure will be safe for any user and will be free from any potential hazards that the preliminary

design may have presented. The final design allows for the safest and most efficient use of the

system.

9.3 Design for Cost

Since Triple Tree is a non-profit organization, affordability is very high on their priority

list. During this project, there has been multiple adjustments to try and minimize the costs.

Coming from last semester into this semester, there was a preliminary budget of $2,100 in the

presented Project Scope and Budget Agreement. There were  difficulties starting this semester

where there were several modifications to the costs of the project. The expensive concrete base

structure planned to act as the center of support for the complete water delivery system was the
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main difficulty due to being expensive. At this moment further discussions with the project

sponsors about the approach on how the project is going to be delivered, either a partial build or

a prototype of some sort. Therefore, table 1 will address the cost reduction about the rest of the

materials needed to build the fully functional water delivery system.

Table 9.1: Old vs New Water Delivery System Costs

Old ($) New ($) Percent reduction
(%)

Tubing & Tubing
components

257.45 143.95 44

Metal Structure &
Other Components

1126.15 883.41 22

Total 1,383.60 1,027.36 26

The costs of the materials were minimized by looking closely at the properties of the

materials and evaluating them in the structural analysis to help to find a more cost-efficient

option without affecting the overall performance of the water delivery system. One important

example was going from aluminum I beams to Steel Tubing for the material of the supporting

structure. Extra elements that were initially planned to be used but were found to not be essential

to the performance of the water delivery process were eliminated and ultimately helped minimize

the cost in the form of standardization. The storage box for the hose and hose adaptors, and

going from I beams for supporting structure to square tubing serve as examples. Another key to

achieving the lowest possible cost for manufacturing was to find affordable parts in hardware

stores that were in close proximity, this was in order to eliminate ridiculously high shipping and

handling costs that could be associated with such products. As part of these previous
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modifications to minimize costs, it was ensured that the selected components for the supporting

structure and water delivery system itself did not exceed the requirements for either internal or

external capabilities. Neither the modification of the materials or elements of the structure

affected the ability for the water delivery system to sustain the forces being applied to the system

or weather changes. Finally, to minimize the cost, it was decided that a partial build suits best the

presented budget and a base made of metal with extra weight attached can serve as an alternative

option for minimizing the cost for the future production of the water delivery system.

9.4 Design for Safety

During the design process of this project safety was very high on the priority list, as no

product should ever injure the user. To ensure the safety of the user, multiple design layouts were

reviewed, then the overall design with the highest safety factor and most structural integrity was

chosen. The first concern discussed was the pressure being put out by the pump and ensuring

there would be no failures or leaks, this was done by choosing materials that were well within the

strength threshold. There are multiple hazards to account for when designing the structure, the

main concern that was worried about was the stress and strain being put on the structure at the

welds which is a potential point for failure. It was decided the best precaution would be to add a

brace to help share the overall load of the water and weight of the beam, and ensure the welds

had a much lower chance of failure as shown in figure 1.
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Figure  9.1: Brace construction
The next safety concern to design around was the connection of the steel structure to the

concrete base. The threaded steel rods that go down through the concrete base were decided on.

These rods bolt and secure the steel structure to the base and they fall well within their safety

factor as shown in figure 2.

Figure 9.2: Safety factor of bolt construction

Moving forward in the design, the beams chosen for the structure have rounded off edges

ensuring there were no sharp edges or possible places the workers could hurt themselves while

working. The last hazard to be considered was the potential for the hose to come loose and

possibly hurt a worker. This was countered by attaching the pipes directly to the steel structure to

act as a guide and allow for a safe working environment, this will be accomplished with steel

straps that are screwed or welded onto the structure.
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9.5 Design for Easy Operation

One of the main requirements from Triple Tree Aerodrome was that the system would be

easy to operate, so a volunteer with little to no training could operate the system easily and

safely. Additionally, ease of maintaining and acquiring parts are two major customer needs

identified that are important to highlight as part of the development of the water delivery system.

Different ways to initiate the flow of water into the trucks safely using two forms of user input

are shown in Table 2. The push method incorporated a button and a circuit to begin water flow,

while the turn method was a mechanical ball valve that turned off the water.

Table 9.2. Activation Method Options

USER
ACTIVATED

USER INPUT ACCEPT
ENERGY

MOVE WATER USER
DEACTIVATED

Switch Press Electrical Pump Press

Valve Turn Mechanical Pump Turn

Valve Push Mechanical Pump Push

To ensure as few steps as possible,  a dual-valve system (Figure 2) that can open/close the

flow to an outlet at waist level and an outlet at the top of the structure was designed. (Figure 3)

This will make it easy for the user to reach when the trucks become full of water, while ensuring

an easy method of closing the system. The whole process will be a total of 6 steps with the only

additional 2 steps being the opening and closing of the ball valves. With the decision of

not including an electrical circuit, the system will be less likely to have malfunctions and

can be fixed quickly. Therefore, the total operation steps are concise and can be seen in Figure 4.
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Figure 9.2. Dual-Valve Connection                           Figure 9.3. Top-of-Structure

Outlet

The system was designed, so one person could operate the system quickly and effectively

without requiring any additional assistance. Considering the valves being relatively close to the

fill area and at an easy height, and the additional control of valves, the design would hold up to

its status of being easy to operate. This was made a major priority, as Triple Tree takes pride in

its use of volunteers throughout.

9.6 Conclusions

During the design and refinement process, it was decided on several changes to the final

product based on cost, safety, manufacturability, and to make the design operator friendly. The

material of the superstructure was changed from aluminium to steel, which reduced the overall

cost as well as making the assembly process easier, since welding steel is easier and less

expensive than welding aluminium. The ease of obtaining replacement parts should anything

break was also taken into account, and all of the components other than the steel beams are

available from any hardware store. All refinements were made with safety and ergonomics in

mind, and the design changes have been modeled to ensure that the design can withstand

exceptional stresses that could be placed upon it.
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10. Product Cost/ Economic Analysis
10.1 Introduction

When dealing with any project it is very important to outline and understand the costs

and benefits. An Economic Analysis is important to cover in order to truly understand how a

project can benefit or hurt a customers fiscal situation. It is also used to outweigh the costs from

the projected revenue gained from the project to show a positive or negative gain economically

for the customer. With Triple Tree Aerodrome being a non-profit organization, there is very little

revenue to be found from a simple water delivery system; however, an overall improvement in

the facilities could show an increase in donations over time. For this project, it is important to

show how the project could decrease the risk for compensation expenses with a more safe and

easy way to fill the water trucks. The cost, savings, and revenue were expanded upon while

performing an analysis in order to show the true economic impact on Triple Tree Aerodrome for

the new water delivery system.

10.2 Costs Savings and Revenues

In the project's lifespan there is only one recurring cost that is already pre existing, being

the electrical power that connects to the pump. The project is going to be a one time expense that

covers the cost of the materials, once the structure is constructed there are no other costs to look

over. The usual labor costs are negated due to their reliance on volunteer work and it being a

structure that once constructed will not have to rely on heavy maintenance to continue running.

This works perfect for their nonprofit status as a company, and it will unfortunately not create a

revenue stream for the company. The structure will however create a better overall experience

with their customers and show a continued devotion towards improving quality around the

facility.
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10.3 Analysis

For the initial wooden structure, a five year analysis of the value of the structure was

conducted. While the structure itself will add no economic value directly, it could have a positive

impact by showing visitors that efforts are being made to make the experience more enjoyable,

thus leading to an increase in donations.

Because Triple Tree Aerodrome is a non-profit organization, a five year span was chosen.

This would give Triple Tree the time to elicit donations and save enough money to rebuild the

structure in accordance with the original design supplied by the design team. The original design,

which will be constructed with steel beams set in a concrete footing, will have an estimated

lifespan of 50 years. The structure will require an investment of $1,610 for materials. Like the

original wooden structure, there will be no tangible economic value for Triple Tree, but could

cause an increase in donations.

Figure 10.1: Water Delivery System Cash-flow Diagram

Figure 1 illustrates a cash-flow diagram for the water delivery system. It indicates two

investments. The first one is the initial investment of about $490 for the construction of the

prototype utilizing wood, and the second one is for the advised additional investment to
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exponentially upgrade the durability of the supporting structure. Which requires steel and a

pavement base that will award the water delivery system a long lifespan.

The metrics to analyze the profitability were unnecessary due there being no profit made

with the development of this water delivery system. In attempts to interpret the profitability of

this project in a non-profit way, there was communication with the project sponsor. Initially, the

idea that the water delivery system would increase the likelihood of more people willing to

volunteer to fill water trucks was put forward, but it was determined that the probability is very

unlikely and it simply allows the non-profit, Triple Tree Aerodrome, to contribute to their

attempts to become more independent when it comes to water donations.

10.4 Conclusions

The five year analysis displayed the initial investment, and the possible future investment

to upgrade the structure. Due to Triple Tree being a non-profit organization, there will not be

profit but guests will be happier with the facility. This structure also shows guests at Triple Tree

that there is an on-going effort to improve the experience
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11. Testing
11.1 Introduction

Once the build was complete, testing was needed in order to ensure that the final

assembly would meet the needs of the customer and perform to the calculated standards. The

customer needs and requirements are essential in determining what to test and can be seen in

Table 1. For the water delivery system, the main test that was needed tested the flow rate of the

pump and pipe system. This was done by filling a 55 gallon container and scaling up the

calculations in order to determine how long a truck fill will take. This test has the most

importance because during an air show, time is valuable to the volunteers and they do not have

the time to wait all day for the truck to fill. The safety and user friendliness was also tested in

order to ensure that any volunteer could use the system with minimal training. This test was

completed by analyzing each point where there is a user input and making the components as

safe and simple as possible, for example a flex tube was put at the outlet of the pipe to allow for

the driver to drive right under the structure and have the hose fall straight into the tank . These

small details will allow for the user to have a simple and safe time using the delivery system

without the fear of mess-ups or harm to the user.

11.2 Test Plan

11.2.1 Pump water up 12 ft quickly

Flow rate will be tested by filling a smaller container and calculating the time needed for

a full size truck based on the information found. This will be measured by means of a stopwatch

and a 55 gallon drum. The time to fill the drum from empty will be measured and recorded. The

test will be completed 3 times in order to find an average time.
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A 200 GPM flow rate is the target specification and 150 GPM is the fallback

specification. The measured flow rate during testing was 164.288 GPM which falls between the

target and fallback specifications. The target time to fill a 2000 gallon water truck is 15 minutes

and the fallback specification is 20 minutes. The average time to fill a 2000 gallon truck is

approximately 12 minutes. This falls well below the target specification. The pump head was not

tested due to the manufacturer’s specifications for the pump exceeding the desired target

specification. The target pump head is 60 ft and the fallback pump head is 40 feet. The

manufacturer’s pump specification for pump head is 350 feet

11.2.2 Safe and easy to operate

This will be done by making the system as user friendly as possible. The flexible hose

will allow for a larger area to use the pump. This allows wiggle room when driving the truck

under the pump. The pump controls and the isolation valves will be in an easily accessible

location on the structure. This allows for full control of the system from one location. Following

the redesign of the piping system after the failure of the pressure test, the isolation valves were

removed from the system.

Triple Tree will train a team member on safe operation of the pump system. The time of

training will be recorded and the first test run will be under the supervision of a Triple Tree

volunteer. The target and fallback specs for training a volunteer is a 5 minute target time with a

10 minute fallback time. Training for safe operation of the system took approximately 2 minutes,

falling below the target time.

½ inch bolts will be used to secure the wooden components. This will reinforce the

strength of the structure and take stress off of the wooden components. Data has been collected

on Creo-parametric and the wooden components can withstand much more load and stress than
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what will be placed on the structure. The time from the initial turning on of the pump to the end

of the filling process will be recorded three separate times to note the efficiency and ease of the

system. The average time to set the system up to begin filling operations was 125.81 seconds or

2 minutes and 5 seconds.

11.2.3 Pressure Test

The initial test plan called for a pressure test of the piping system in order to assess if the

piping would hold if the pump was turned on when the isolation valves were shut. Following the

catastrophic failure of the T-junction in the first pressure test, the piping system was redesigned

to remove the isolation valves, thus rendering a pressure test unnecessary. Pressure safety will be

tested by allowing the pump to run with the valves closed for 1 minute. Show the pipes are up to

standard and will not burst if the volunteer forgets. Allows for time to be taken to turn the pump

off after valves are closed for minimal spillage of water. The test will be run 3 times to ensure the

piping can withstand higher pressures resulting from both isolation valves being shut while the

pump is running. The pump is equipped with an automatic shutoff circuit should the pump sense

that it will overheat, thus preventing damage to the pump.

11.3 Analysis

The customer needs are stated clearly for the water delivery system. The needs include

the ability to pump the water 10-12 feet above water level, being easy and safe to operate, and

have parts that can be easily replaced if needed. The target specifications shown in Table 2

correspond to the customer needs and were tested to ensure the needs were met. The flow rate of

the system was the first thing tested and all results are shown in Table 3. The flow rate can be

found using the equation,
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(1)𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝐺𝑃𝑀) =  𝑉𝑜𝑙𝑢𝑚𝑒 (𝑔𝑎𝑙𝑙𝑜𝑛𝑠)
𝑇𝑖𝑚𝑒 𝑡𝑜 𝑓𝑖𝑙𝑙 (𝑠)  ×  60 𝑠𝑒𝑐𝑜𝑛𝑑𝑠

From testing the system using a 55 gallon drum, an average flow rate of just over 164 gallons per

minute (GPM) was calculated showing a slight drop from the pump's flow rate of 194 GPM. This

was expected due to the 10 foot rise of the water showing a flow rate drop of roughly 30 GPM.

The average sized truck Triple Tree uses holds 2,000 gallons of water, so with the water flowing

out at 164 gallons per minute, the truck should take just over 12 minutes to fill completely.

For testing the pressure in the system, only one test was run. The piping failed at the

T-junction causing the piping to break catastrophically and showing that the current pipe could

not hold the pressure from a 20 HP pump. The damage can be seen in Figure 1. It was decided to

cut the valves out in order to reduce the risk of this happening again with volunteers and

resulting in a possible injury. The valves were replaced with a piece of straight piping and

connected using two straight couplings, as seen in Figure 2. This creates a now open system and

flow will be started and stopped at the control panel near the pump rather than at the ball valves

on the structure. During the first initial run, the pipe cement to dry completely resulting in the

hose to PVC coupling to slip off the straight downward facing pipe. This was fixed by redoing

the connection and allowing time for the cement to dry. The pressure in the system while it is

flowing can be seen at the top hose connection where some water can be seen shooting up from

the pushpack when the hose twists; however, a new hose and fitting will be attached for a better

connection.

Lastly, the whole process was tested to ensure the system was safe and easy to use. The

results can be seen in Table 4 where all trials were a success with no failure. Safety was ensured

within the area and all tests were completed in a satisfactory amount of time being under 5

minutes to connect the hose, run the system to fill a 55 gallon drum, and disconnect the hose to
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be stored. An average time of just over 2 minutes for each test was calculated resulting in success

when analyzed by members and volunteers at Triple Tree Aerodrome.

11.4 Conclusions

The testing procedure was vital to ensure the project was able to meet the specified

standards which had been set out, since the calculated time of fillup for the truck would be ~12

minutes at 164 GPM it was well within the threshold. Next was the pressure test, which ended in

a failure in the T-junction and the group needed to rework the design. After tweaking the piping

design by creating an open system with no pressure build up, the system was able to meet all of

the design specifications set out ahead of time. The training and prep time for a volunteer took an

average of 125.81 seconds to set up and start filling. The testing also allowed for flaws in the

assembly to be seen in a safe environment. These tests were crucial in ensuring the system that

was handed off not only as a working model but also one that is safe for the user to operate. The

sponsors were happy with the design and the testing which was done to seek out the flaws in the

system and put it through its paces to ensure it would be safe and reliable in the hands of a

volunteer.

11.5 Appendix

1) Flow Rate Test Procedure

a) Connect a fire hose from the outlet of the pump to the PVC piping at the bottom

of the water delivery system.

b) Place a large container with a known volume under the structure where the water

can fall straight into said container

c) Have one or two people holding the hose to direct the water into the container
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d) To begin the test, turn the power knob from “off” to “manual” and then push the

green button next to the knob. (Warning: pump will immediately turn on and

being pumping water)

e) The person starting the pump should also record the time and begin the stopwatch

once water begins pouring into the container (roughly 1-2 seconds).

f) Stop the time once the water overflows from the container

g) To turn off the pump, turn the knob on the control panel from “manual” to “off”

h) Record the time

i) Repeat steps d-h for all trials

2) Pressure Test Procedure

**Only run this test if stronger piping is installed with a higher pressure

tolerance

a) Connect a fire hose from the outlet of the pump to the piping at the bottom of the

water delivery system.

b) Place a large container with a known volume under the structure where the water

can fall straight into said container for depressurizing the system

c) Make sure valves are closed, so no water can flow out of the pipe

d) Before starting the pump, make sure the area is clear and everyone is at least 50

feet away in case of failure.

e) To begin the test, turn the power knob from “off” to “manual” and then push the

green button next to the knob. (Warning: pump will immediately turn on and

being pumping water)
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f) Let the pump run for 30 seconds.

g) Record the pressure (psi) from the pressure gauge near the pump.

h) To turn off the pump, turn the knob on the control panel from “manual” to “off”.

i) Let the water drain from the system

j) Repeat steps e-i for all trials

3) Safe and Easy to Operate Test Procedure

a) Select a random volunteer with no knowledge of running the system

b) Show the volunteer where the controls are and where the water will be coming

out.

c) Using a stopwatch, begin timing the volunteers' process when they first touch the

firehose to connect to the pump.

d) Supervise the volunteer to ensure the hoses are connected correctly and the

container is under the outlet.

e) Stop the time when the volunteer has turned off the pump and disconnected the

firehose.

f) Repeat steps c-e for all trials

g) Record the times captured in a table

h) If the test can be completed in under 22 minutes (for a 2,000 gallon container) the

trial is a success.
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Table 11.1. Customer Needs and Requirements

Table 11.2. Target Fallback Specifications

Target Fallback

Flow Rate (GMP) 200 150

Pump head (ft) 60 40

Cost ($) 3000 2500

Lead time (days) 3 5

Training time (minutes) 5 10

Table 11.3. 55 Gallon Drum Fill Test Results
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Table 11.4. Safe and Easy to Use Test Results
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Figure 11.1. T-Junction Failure

Figure 11.2. Valve replacement with straight piping and two couplings
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12. Final Design

12.1 Metal Structure Design

Figure 12.1. Full Metal Assembly

55



Figure 12.2. Top Structure Close Up

Figure 12.3. Leveling Base Close Up
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Figure 12.4. Valve Connections
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Figure 12.5 Complete Concept Drawing
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Figure 12.6 Concrete Base Drawing
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12.2. Wooden Structure Design

Figure 12.7. Full Wooden Structure Concept Drawing
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13. Conclusions
In conclusion, the water delivery system met all target specifications, except for flow rate

where the fallback specification was met. Looking back at the customer needs, all were met and

exceeded. The structure easily pumps water up 12 feet, is very simple to use based on the tests,

and is much safer than the previous water truck fill method. In the future, the structure could be

improved with stronger pipes to allow for valves to be added, and the material of the structure

could be improved due to the wood eventually deteriorating over time. Up next for the project, it

would be best for Triple Tree to improve the looks of the project to help it fit into their scenery.

The installed product is ready to use and requires no further fabrication or assembly in order to

be functional. From the tests, it was learned that with the high flow of water it is unsafe to have

multiple joints and valves that can create pressure. The entire project has taught many lessons

about the design process and showed that there are always different ways to accomplish the same

goal even if the original plan does not work.
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