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Design Problem Statement

For this semester’s project, students were tasked with creating an autonomous device that

could compete against other devices to vacuum up the most debris. The competition fixture was

constructed with wooden boundaries, which resembled a large sandbox, that contained debris

such as sand, screws, and marbles. The sides of the arena were around 3.5 inches tall with an

internal area of 64 square feet. Each match was 2 minutes long.

Figure 1: Final Model of Competition Fixture

In terms of competition eligibility, students were given a fair amount of creative freedom

to design their device in any way they deemed fit as long as it stayed within the requirements

outlined below:

● Device must not exceed 12 inches in length and 12 inches in width

● Dimension must not change greater than 1 inch after movement has been initiated

● Must maintain one contact point with the floor at all times

● Must only have one movement prompt for initialization

The device would win the match if:

● Device collects more debris (grams) than the opposing team

● If neither team is able to collect debris, the device that moves the farthest
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Specifications Development

Target Customers
The vacuum cleaner has been a staple for household users since its invention over 100

years ago. As of recently, companies have started designing vacuum cleaners that can function

all by themselves and the market has drastically changed since. With the increase of consumers

desiring autonomous vacuums, this product could potentially have a large customer population.

The intended target customers for this device are people with a need to vacuum with ease.

However, it is understood that there are a variety of professional products on competitors

shelves, so in reality, this product was mainly designed to compete against all the other groups

within the MECH 202 class who had to abide by the same competition requirements. Therefore,

the primary intended users of this device are those in MECH 202, Group 9, which also happens

to be the developers of the product. The fact that the people who were going to use the device the

most were the same people designing and building it made it easier to consult the users to see

what the most important factor and specifications for the device functionality were.

Figure 2: Top View of Device
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Figure 3: Quality Function Deployment for Device Overview
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When developing the customer requirements, there were a few factors that were taken

into consideration. The first of which being personal knowledge. If a vacuum were to be

purchased, what would be the main goals for it? It can be said that a customer would want a

reliable, safe product that will suction up what they desire. Another factor considered was

competing products. When developing a product similar to some already made in industry, those

requirements can also be similar. A customer that already has a competing product would ask

“Why is this one better than mine and why should I buy it?”. This is where the appealing design

and reasonable price were decided as a requirement. The requirements listed above are the

baseline, while it is acknowledged that there could be many more factors customers consider

before purchasing a new device.
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Device Competitors

Figure 4: iRobot Image

iRobot (Roomba):
The industry leader for autonomous vacuums is the Roomba produced by iRobot [3].

iRobot gives their own specifications and description of their product.  The Roomba is 13.3”

wide (would not meet competition regulations) and is powered by a lithium ion battery. It uses a

brush system in combination with a vacuum system in order to clean. This was something that

could definitely be implemented into the design of the competition robot. The Roomba can avoid

obstacles and pet messes, and does not require cleaning up by hand prior to use.  A reverse

engineering report [4] for an older model roomba was also referenced. This revealed that a

bumper sensor system was used to detect obstacles.  One drawback of this is that it requires the

robot to make contact with objects, rather than avoiding them completely which would be a safer

way to operate.
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Figure 5: Milwaukee M18 Vacuum Image

Milwaukee M18 FUEL PACKOUT 18-Volt Lithium-Ion Cordless Shop Vacuum:
Another product that was analyzed during the research phase was this battery powered

shop vacuum.  While it did not meet our requirement of being automated, it is designed for

picking up more similar material to the competition (sand, screws, etc.). Milwaukee [4] reports

that it measures 17”x10” so it also would be disqualified from the competition.  The vacuum

runs on an 18V lithium ion battery, and reviews report that it easily suctions up shop debris and

matter.  This would perfectly need this customer requirement for the competition despite not

meeting any of the others. The competition robot likely would require a similar amount of power

in order to generate the suction needed to lift the competition debris. The vacuum system

developed for the competition will also likely resemble this shop vacuum more than the vacuum

system on the roomba, however, it would obviously require the movement system to be added.
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Specifications
There are 10 demanded qualities by the targeted customers. They are as follows:

1. Suction debris of varying size

2. Autonomous

3. Sense and avoid room boundaries

4. Store debris

5. Long battery life

6. Traction on multiple surfaces

7. Reasonable manufacturing price

8. Appealing design

9. Safe for children

10. Manual start

Along with these qualities, 15 engineering specifications were developed. These are as follows:

1. Length of device

2. Width of device

3. Manual start via switch

4. Battery

5. Self contained unit

6. No human input after start

7. Programmed sensors

8. Clearance under wheels

9. Detachable Compartment

10. Weight of device

11. Speed of device

12. Battery Life

13. One contact point with ground

14. No damage to competitors or boundaries

15. No adjusting after initiation

13



Figure 6: QFD Specifications for Device

Suction Debris of Varying Size

This quality is satisfied by the specifications regarding the size and weight of the device.

By quantifying the measurements of the device, it is able to have a certain size of both the

vacuum inlet and the debris container. In order to set the diameter of the vacuum inlet, it is

necessary to know the maximum size of expected debris, and this was done in the practice arena

set up by the professor prior to the competition. Once the maximum size was determined,

constraints regarding the size of the inlet and the weight of the device was set.

Another specification that helps satisfy this quality is having clearance under the wheels.

After having the size of possible debris, it is important to ensure the device has slightly more

height under the wheels, so that it can drive over the debris without high centering itself.

Autonomous and Sensing Room Boundaries
These two qualities are satisfied by three of the specifications. This includes the self

contained unit, no human input after start, and programmed sensors. To be a completely

autonomous device, there must be a “brain” able to communicate with the rest of the device to
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prevent damage or unnecessary movements. This “brain” comes from the programmed sensors,

which send high frequency waves and wait for them to bounce back. This determines how far an

obstacle is away from the sensor. With the use of three sensors, the device is able to adjust its

movement, preventing any human input, making it therefore a self contained unit.

Storing Debris

As for storing debris, this quality is satisfied by ensuring there is a detachable

compartment. This was a main requirement provided by the professor, so it is a crucial

specification. Since the debris compartment is removable, the customer will be able to dispose of

the debris in an easy manner. It is also important for the competition so the debris could be

emptied and quantified to determine the winner.

Long Battery Life
Satisfying the long battery life quality depends on the battery chosen. To ensure a long

battery life, a 6V battery was used for the wheels and 12V batteries were used for the vacuum.

The 12V batteries were rechargeable, so they could be used as many times as necessary. This

gave the vacuum full power at all times, so the air flow and suction was at its strongest. For the

wheels, 6V batteries are very common, and there were multiple batteries purchased so they could

be easily replaced if needed.

Traction on Multiple Surfaces
In order to satisfy this quality, the specifications used were the speed of the device and

having one contact point with the ground. Having a slow speed is important for traction because

the slower the device moves, the less likely it is to slide on the surfaces. However, if the speed is

not fast enough, it could also get stuck on certain debris. Finding this balance was a crucial

specification to make. Having contact with the ground is also clearly important, because if not,

the device would have no traction and would just be flying.
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Reasonable Manufacturing Price
To consider the cost of manufacturing, the parts purchased are an important specification.

For this project specifically, the battery was the main constraint to make. Batteries can get wildly

expensive, so it was crucial to ensure the batteries used would have a long life and be strong

enough to power what was necessary. If the battery were to have a short lifespan, then the

voltage would significantly decrease and more would have to be purchased to have a useful final

product.

Appealing Design
For this device to have the appealing design quality, it had to meet the self contained unit

specification, as well as the weight of the device. It could be appealing to a customer to have a

unit that is not reliant on their individual input. If a customer is looking for a vacuum, the goal is

for this device to be appealing based on its self contained unit. The other specification is the

overall weight of the device. Many customers want a lighter product, so if the weight is

minimized, it may be more desirable to a customer.

Safety

Every product needs to be safe. There are laws that ensure a product is safe before it can

be given to consumers. For this device, it is completely self contained and it is programmed to

cause no damage to obstacles or competitors. Both of these specifications provide safety to a

consumer and safety to the competitors. As long as the device is not exposed to water or unsafe

conditions, it is a safe product.

Manual Start

The manual start quality is satisfied by the self contained unit and the manual switch

specifications. Due to the nature of the competition, the device must take only one human input

to turn it on and then absolutely no human input until the competition is over. Because of this, it

was designed to have one switch to initiate both the wheels and the vacuum motors.
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Specifications Tradeoffs
Some of the specifications for the automated vacuum share an inverse relationship.  This

means that in order to meet some of these standards, other aspects of the device had to be

sacrificed to varying degrees. Some example of this are listed below:

Device Power Output vs. Battery Life

The amount of power being generated by the different motors used on the device has an

inverse relationship with the battery life.  Obviously it was a goal to generate as much suction by

running the most powerful motor for our fan, and using the most powerful drive motors to move

the vacuum, however these were both limited by the need to have sufficient battery power to run

the device for 2 minutes at a time and recharge it back to competition ready levels in 15-20

minutes.

Sensory Ability vs. Price

Another set of specifications that required a tradeoff were the quality of our sensors and

the amount of money spent on the project. High quality sensors would have been very useful to

make the vacuum as efficient as possible in navigating the arena, however, due to cost limits,

donated ultrasonic sensors were used to keep the project within the budget. This in turn led to

some issues with the sensors failing and not always reading reliable information. The likelihood

for error grew when using these donated sensors.

Device Size vs. Debris Storage

Based upon the rules of the design competition, it was required to keep the device under a

maximum size limit.  This obviously limited the debris storage volume possible purely due to the

limit on the room available on which to mound it.  This did not end up much of a challenge in the

design process.
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Figure 7: QFD Specifications Tradeoffs
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Concept Generation & Selection

In order to start generating concepts for the product, the entire team came together and

generated a mind map. This first step was a basic brainstorm involving materials, shapes, and

power techniques. The group also discussed how to incorporate competitor designs into the

product. After the mind map was complete, each member drew out a concept and explained what

was going on and which parts they incorporated from the mind map. After there were four

concepts drawn up, further analysis was completed by the entire group. The analysis was

completed by going through the customer requirements and deciding which design met the most

requirements. The designs that were picked for potential prototyping were the ones that gathered

the highest sum of those requirements.

Figure 8: Concept Generation Mind Map
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Table 1: Concept Drawings and Descriptions

Concept Number Drawing Description

1 - The first concept devised was a
square-based vacuum with tank-like
tires. The vacuum components of this
design consist of a motor and fan,
powered by a battery circuit with a
switch so users can manually turn it on
and off. The fan is then connected to a
3D-printed part that includes a storage
bin for debris and a split hose design
that protrudes from the front of the
vacuum. A sensor is placed between
the two hoses in order for it to be able
to detect any walls or other devices so
it can change its path. The wheels for
the base are also powered by batteries
and separate motors.

2 - The second concept is also a sort of
square-based vacuum but instead of
tank-like tires, it had regular large tires
as would be on a car. The vacuum
components of this design consist of
three motors and three fans, powered
by high voltage batteries. All of which
would be connected to PVC piping and
a 3D printed component. There is a
storage bin for the debris connected
near each motor and fan with a filter
and a split section for debris to fall into
the bin. There is a sensor on the PVC
pipe that is on the front in order to
detect any walls or obstacles. Every
wheel would be controlled by its own
separate motor and batteries in order to
maximize the steering range.

20



3 This concept operates off of a
half-circle base. It would be powered
by a 6V battery. An Arduino
microcontroller will be used to receive
data from three front-mounted pressure
sensors, as well as control an electric
motor for the drive train. Two centered
wheels would receive power so that
the vacuum can rotate in place, and 4
more dolly wheels will support the
base. A vacuum will be mounted on
the top center of the base. The
receptacle will be in the front of the
machine, and the hose/opening will be
in the back.

4 With two main driving wheels, this
concept is driven and turns from the
force generated through a small motor
that is transferred into these main
wheels. This concept includes small
bogey wheels for added stability. The
collection bin sits atop the battery for
space conservation. A cut-out in the
middle of the base gives the mouth of
the vacuum a route to the floor for
collection purposes. The main vacuum
sits in the middle of the base for
stability and to centralize a majority of
the weight. The oval shape allows for
an easier transition around corners and
obstacles.
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Table 2: Concept Evaluation against Competitors and Device Specifications
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Device Description
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Annotated Exploded View of Device

Figure 9: Annotated Exploded View
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Figure 10: Design Structure Matrix

Movement
The automated vacuum will be supported by a total of four wheels. There will be two

castor wheels that are strictly for support and will be located towards the edges of the vacuum.

Along with the castor wheels, will be two power driven wheels near the center of the base that

move the device. Both wheels will be fixed in position and face directly towards the arc on the

front of the device. They each are powered by a 6V DC motor that will be receiving power from

a 6V battery. The motors are designed to be at a slow speed (around 1-2 MPH) depending on the

amount of final torque the device generates. An arduino will be installed so that a programing

can be uploaded to allow the device to turn when it senses an obstacle, the device will turn by

supplying power to only one wheel in order to rotate in place much like a zero-turn lawn mower

does.

Navigation
A front mounted ultrasonic sensor will also be wired to the arduino. Code will be written

so that when the sensor reads that it is in contact with an obstacle. The device will turn a varying

amount of degrees before resuming forward motion. The amount by which the device will rotate

will be different each time it reaches an obstacle to prevent the device following the same pattern

and not collecting any new debris.
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Debris Collection
An electric DC motor powered fan vacuum will be fixed centered on top of the base with

the mouth of the intake facing towards the front of the device. Attached to the fan portion will be

the debris compartment, which will have the ability to be removed from the fan portion. The

vacuum hose will be attached to the debris collector. This hose will then allow the air, as well as

the debris to be pulled into the debris compartment and be collected for disposal. There is a filter

attached to the fan compartment that will keep the debris out of the fan and push it back into the

debris compartment if necessary. It is all powered by one battery attached to the fan motor.

Critical Elements
A wood base/frame will provide the support to which both the vacuum and drive

components will be fixed. This should provide adequate strength to survive a low velocity

impact with a wall or another robot, as well as allow mechanical components to be securely

drilled into and fixed together. A laptop computer will also be necessary to write and upload the

code to the arduino for navigation. This will not be actively used during the competition.

Clever Ideas
An idea that was implemented from the very

beginning of the design process was designing each

component (vacuum/base) separately so every

component wouldn’t have to be powered and wired to

the same power source. Instead each component was

created separately with switches that opened and

closed their respective electrical circuits individually.

Then a component was 3D printed to turn both

switches at once so each component was turned on at

the same time. Figure 11: Electrical Circuits for Each Component

40



Total Device Production Cost

Figure 12: Competition Ready Device Total Cost

This cost breakdown includes all the parts used to fabricate the competition ready device,

Most of the cost comes from a few key portions. This includes the motor for the vacuum, the

wood used for the base, and the myriad of batteries. These were the parts that were impossible to

make from scratch without sacrificing the reliability of the device. The parts that were “free”

were mostly parts that were 3D modeled in SolidWorks, and then printed in the CSU

Idea2Product lab. The other “free” parts were given to groups before the project started,

including the wiring and arduino. Because these parts were free to the students, it was favored

over purchasing parts that were premade due to the cost restriction.

After compiling the prices for all the products used during the semester, including the

parts that were produced and did not make it into the final device, it was determined that the total

cost of manufacturing this device was $97.02.
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Engineering Analysis

In the process of designing this machine, many engineering concepts and processes have

been applied. Technical skills developed in MECH201(Engineering Design 1) allowed for the

creation of SolidWorks models for the prototype. Dynamics concepts were used to calculate the

gearing for the motors in order to have the device move at the proper velocity and in the right

direction.

Figure 13: Equation for Gearing Down Motors

Statics concepts were applied in order to maintain the structural integrity of the device.

The methods practiced in introduction to mechanical engineering were used to design the

arduino control system plan to control the machine.

Figure 14: Sample Circuit for Arduino with Sensor and Motor
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Several human resources have been utilized to gain insight on some of the best

approaches to the design. This class has provided many guidelines and templates for useful

design creation tools like the Design Structure Matrix and idea generation strategies. The group

reached out to a remote control car shop owner who works with small electric motors

professionally.

When coming up with the design for the mouth of the vacuum assembly, the group

started out with a rectangle angled at 45° in relation to the ground. When going through initial

testing it was found that the geometry of the prototype prevented substantial airflow to create the

desired suction to get the sand and other debris to enter into the vacuum assembly. Additionally,

it was determined using knowledge of thermodynamics that more effective suction could be

achieved by reducing the area of the mouth’s opening. The design was later changed to a smaller,

circular opening that is positioned perpendicular to the ground. This allowed for the device to

have much more effective suction when testing and competing, and resulted in a pair of victories

in the tournament.

Figure 15: Direction of Airflow to Create Powerful Suction
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Testing
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Test Results
Fifteen total tests were conducted with the mostly complete Vacuum. Every test had

different goals  in order to ensure desired results were obtained. For each test, five trials were run

and all results were recorded either in an Excel graph or spreadsheet. Each test we ran with a

“Pass/Fail” result depending on our goal. Here are the 15 test goals summarized:

Table 3: Test Results Summary

Test Number and Title Test Goal Test Outcome

#1: Length Ensure the length is within
the 12” specification

Pass

#2: Width Ensure the width is within the
12” specification

Pass

#3: Manual Start Ensure the manual switch
specification is met and
guarantee the switch worked

Pass

#4 Battery Power Ensure the voltage of the
battery was within the
12-15V specification

Fail

#5 Completely Self
Contained

Ensure the device performed
without physical separation of
components or loss of
materials

Pass

#6 No Human Input After
Start

Ensure the device needs no
stimulation from human after
initiation

Pass

#7 Programmed Sensors Ensure the device uses all
three sensors properly

Pass

#8 Clearance Under Wheels Ensure device meets the
1.5-2.0” clearance
specification

Pass

#9 Detachable Debris
Container

Ensure debris container is
able to detach from body
without causing damage

Pass

#10 Weight Ensure device is within 10-12 Pass
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pound specification

#11 Speed Ensure device meets the
speed specification of being
2-5 mph

Fail

#12 Battery Life Ensure battery life will last
more than 2 minutes for
competition

Pass

#13 Always Contact with
Floor

Ensure device does not fly or
jump around

Pass

#14 No Damage to
Boundaries or Competitors

Ensure the device can
properly avoid obstacles

Pass

#15 Barely Adjusts After
Turned On

Ensure the device meets the
<1 in adjustment specification
after initiation

Pass
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Risk & Reliability Analysis

FMEA

Figure 16: Failure Modes and Effects Analysis
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Fault Tree Analysis

Figure 17: Fault Tree Analysis for Device
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Safety
The design of the Autonomous Vacuum Cleaner encountered many different safety concerns throughout the process. The

safety analysis is outlined below.
Table 4: Safety Analysis and Evaluation
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Improvements
There was more than one issue that presented itself throughout the testing of the device.

One of the biggest problems was the amount of power that was being supplied to the device.

There were a myriad of components that needed a power supply. The two wheel motors, the

vacuum motor, and the Arduino board. With all those components, one single battery was not

going to do the job. After testing, a decision was made to switch from the one power source to

four power sources- one for each component. The vacuum motor received a 12V motor, while

everything else utilized 6V batteries. With that improvement, it would make it easier to switch

out batteries during the competition for maximum power if needed.

Another issue that came up happened to be the actual wood base itself. It was sharp and

not sanded so there was a possibility for personnel to receive splinters or cuts if the device was

mishandled unknowingly. The wood was sanded down and deburred in order to remove those

sharp edges and flaws, and then it was painted and sealed with Mod Podge to ensure the safety of

the paint and the wood.

The last main issue that arose was the overall suction of the vacuum. After analysis, it

was determined that there was no outlet near the fan blade for air to flow. There were also too

many 3D printed components to ensure no airflow was lost. Both factors were significantly

decreasing the amount of air flow and subsequently, the suction power of the vacuum also. The

vacuum inlet was redesigned two more times to minimize the components as well as the loss of

airflow. The fan blade component was also redesigned with slots on the top to produce more air.

Figure 18 : First Vacuum Inlet Prototype Figure 19: Second Vacuum Inlet Prototype
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Service & Support Plan

Table 5: Service and Support Plan

Drive Train
Failure

Wire
Breaking/Circuit

Vacuum Failure What if it does
not do the
necessary tasks?

Procedure If any part of the
drivetrain should
fail except for
the motor, we
plan to replace it
with a new part.

Replace
compromised
circuit parts and
hot glue to keep
in place.

Replace
compromised
parts and reseal
vacuum where
needed.

Fix and adjust
any part on the
spot to increase
usefulness.

Tools Required 2 Axles
2 Wheels
1 Castor Wheel

Wires
Sensors
9V Batteries
Solder/
Soldering Iron

Batteries
Command Strips
Adhesive

Tape
Hot glue
Superglue

Responsibility Danny Ryan Anna Alaina, Mason
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Project Plan

Project Planning 1

Design Organization:DC Team 9 Date: 9/1/2022

Product Name: Vacuum Design

Task

1

Snapshot
s

Name of Task: Brainstorm

Objective: To work together to try and think of ideas on what we want our design to look
like and how we want it to function

Deliverables: None

Decisions/Milestones with Dates:

1. Have a few ideas narrowed down. Started 8/30/2022, completed by 9/2/2022
2. Make a big graph or picture of ideas. Started 8/30/2022, completed by

9/2/2022
Personnel Needed:

Title: All Teammates Hours: 3 Percent full time:100%

Time: Estimated Total Hours: 3-5 Actual Total Hours:3      

Sequence: Predecessors: None Successors: Narrow to One Idea

Planned Start Date: 8/30/2022 Planned Finish Date: 9/2/2022

Actual Start Date: 8/30/2022      Actual Finish Date:  9/4/2022    

Costs: Capital Equipment N/A Disposables: N/A

Task

2

Snapshot
s

Name of Task: Narrow to One Design

Objective: To use our brainstorming ideas in order to finalize an initial design

Deliverables: Project Plan

Decisions/Milestones with Dates:

1. Look at brainstorming ideas and each have a favorite design by 9/2/2022.
2. Come together and decide on overall best idea by 9/3/2022
Personnel Needed:

Title: All Teammates Hours: 2 Percent full time:100%
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Time: Estimated Total Hours: 2-3 Actual Total Hours: 4     

Sequence: Predecessors: Brainstorm Successors: Drawing

Planned Start Date: 9/1/2022 Planned Finish Date: 9/3/2022

Actual Start Date: 9/2/2022      Actual Finish Date: 9/5/2022     

Costs: Capital Equipment N/A Disposables: N/A

Project Planning 2

Design Organization:DC Team 9 Date: 9/1/2022

Product Name: Vacuum Design Project

Task

3

Snapshot
s

Name of Task: Drawing

Objective: Create an initial drawing of what we want our project to look like.

Deliverables: None

Decisions/Milestones with Dates:

3. Each create somewhat of a 2D drawing by 9/6/2022.
4. Come together as a team to compare drawings, work together to decide which

design looks the best and makes the most logical sense to work on by
9/7/2022.

Personnel Needed:

Title: All teammates Hours: 1-2 Percent full time: 100%

Time: Estimated Total Hours: 3 Actual Total Hours:  3    

Sequence: Predecessors: Narrow to One Design Successors: 3D Model

Planned Start Date: 9/5/2022 Planned Finish Date: 9/7/2022

Actual Start Date: 9/5/2022      Actual Finish Date: 9/9/2022     

Costs: Capital Equipment N/A Disposables: N/A

Task

4

Snapshot
s

Name of Task: 3D Model

Objective: Create a 3D model in Solidworks of our initial design

Deliverables: None

Decisions/Milestones with Dates:
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3. Create initial 3D model in Solidworks by 9/10/2022.
4. Come back together as a team and discuss what needs to be modified by

9/10/2022.
5. Have final 3D model in Solidworks by 9/12/2022
Personnel Needed:

Title: Anna Buckley, Ryan Blake     Hours: 20 Percent full time: 90%

Time: Estimated Total Hours: 23 Actual Total Hours: 20     

Sequence: Predecessors: Drawing Successors: Collect Parts

Planned Start Date: 9/7/2022 Planned Finish Date: 9/12/2022

Actual Start Date: 9/10/2022      Actual Finish Date: 9/20/2022     

Costs: Capital Equipment N/A Disposables: N/A
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Project Planning 3

Design Organization: DC Team 9 Date: 9/1/2022

Product Name: Vacuum Design Project

Task

5

Snapshot
s

Name of Task: Collecting the Parts

Objective: Collect all parts necessary for initial design

Deliverables: None

Decisions/Milestones with Dates:

5. Decide and make a list of what all we will need to buy by 9/14/2022.
6. Find costs and split up evenly by 9/15/2022.
7. Order and buy all parts by 9/18/2022.     
Personnel Needed:

Title: All Teammates Hours: 3 Percent full time: 100%

Time: Estimated Total Hours: 5 Actual Total Hours: 10   

Sequence: Predecessors: 3D Model Successors: First Assembly Prototype

Planned Start Date: 9/12/2022 Planned Finish Date: 9/18/2022
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Actual Start Date: 9/20/2022      Actual Finish Date:  9/28/2022    

Costs: Capital Equipment: Unknown Disposables: Unknown

Task

6

Snapshot
s

Name of Task: First Assembly Prototype

Objective: Create a first proof of concept prototype.

Deliverables: Proof of Concept Prototype Meeting with TA/Professor

Decisions/Milestones with Dates:

6. All parts received by 9/22/2022.
7. Create out a plan on who is building/designing what by 9/23/2022.
8. Each member individually works on their own tasks, working together when

necessary.
9. All initial prototype contributions should be done by 10/6/2022.
10. Come together with completed parts/programs and place pieces together by

10/10/2022.
11. Part should work and be ready to go for the week of 10/10/2022 for meeting.
Personnel Needed:

Title: Alaina Bentley Hours: 30 Percent full time: 20%

Title: Anna Buckley Hours: 30 Percent full time: 20%

Title: Daniel Pelphrey Hours: 30 Percent full time: 20%

Title: Mason Adams Hours: 30 Percent full time: 20%

Title: Ryan Blake Hours: 30        Percent full time: 20%

Time: Estimated Total Hours: 150 Actual Total Hours: 100     

Sequence: Predecessors: Collecting the Parts Successors: Testing

Planned Start Date: 9/18/2022 Planned Finish Date: 10/11/2022

Actual Start Date: 9/20/2022      Actual Finish Date: 10/20/2022     

Costs: Capital Equipment Unknown Disposables: Unknown
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Project Planning 4

Design Organization: DC Team 9 Date: 9/1/2022

Product Name: Vacuum Design Project

Task

7

Snapshot
s

Name of Task: Testing

Objective: Analyze the functionality of the first prototype and write everything.

Deliverables: Unknown

Decisions/Milestones with Dates:

8. Work together after meeting to see how the part functions by
10/15/2022.     

9. Decide what needs to be fixed and write up report on that by 10/17/2022.
Personnel Needed:

Title: All Teammates Hours: 6 Percent full time: 100%

Time: Estimated Total Hours: 8-10 Actual Total Hours: 5     

Sequence: Predecessors: First Assembly Prototype Successors: Redesigns

Planned Start Date: 10/12/2022 Planned Finish Date: 10/17/2022

Actual Start Date: 10/22/2022      Actual Finish Date: 11/3/2022     

Costs: Capital Equipment Unknown Disposables: Unknown

Task

8

Snapshot
s

Name of Task: Redesigns

Objective: Redesign the project to meet goals and needs.

Deliverables: Unknown

Decisions/Milestones with Dates:

12. Decide as a team what needs to be fixed and split up goals by 10/19/2022.
13. Each work individually on everything outlined together by 10/26/2022.
14. Come back together and re-test the project by 10/28/2022.
15. Repeat if needed.
Personnel Needed:

Title: All Teammates Hours: 8 each Percent full time: 100%

Time: Estimated Total Hours: 40 Actual Total Hours:  20    

Sequence: Predecessors: Testing Successors: Analysis

Planned Start Date: 10/17/2022 Planned Finish Date: 10/30/2022
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Actual Start Date: 10/21/2022      Actual Finish Date: 11/8/2022      

Costs: Capital Equipment Unknown Disposables: Unknown
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Project Planning 5

Design Organization: DC Team 9 Date: 9/1/2022

Product Name: Vacuum Design Project

Task

9

Snapshot
s

Name of Task: Analysis

Objective: Analyze final parts and meet necessary requirements.

Deliverables: Unknown

Decisions/Milestones with Dates:

10. Write up everything the whole process
11. All deliverables will be in Canvas so work together as a team to meet every

goal.
Personnel Needed:

Title: All Teammates Hours: 10 Percent full time: 100%

Time: Estimated Total Hours: 10 Actual Total Hours:  5    

Sequence: Predecessors: Redesigns Successors: Final Part Test and Meeting with
TA/Professor

Planned Start Date: 10/30/2022 Planned Finish Date: 11/1/2022

Actual Start Date: 11/8/2022      Actual Finish Date:  11/10/2022     

Costs: Capital Equipment: Unknown Disposables: Unknown

Task

10

Snapshot
s

Name of Task: Final Part Test and Meeting with TA/Professor

Objective: Test the final project and have meeting with our TA

Deliverables: “Final” Project

Decisions/Milestones with Dates:

16. Have Meeting with our Professor and write down notes and observations by
11/3/2022
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17. Analyze Notes by 11/4/2022
Personnel Needed:

Title: All Teammates Hours: 5 Percent full time: 100%

Time: Estimated Total Hours: 5-10 Actual Total Hours: 8     

Sequence: Predecessors: Analysis Successors: Final Redesigns for Competition

Planned Start Date: 11/1/2022 Planned Finish Date: 11/4/2022

Actual Start Date: 11/8/2022      Actual Finish Date: 11/11/2022      

Costs: Capital Equipment: Unknown Disposables: Unknown
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Project Planning 6

Design Organization: DC Team 9 Date: 9/1/2022

Product Name: Vacuum Design Project

Task

11

Snapshot
s

Name of Task: Final Redesigns for Competition

Objective: Analyze notes from meeting with TA and redesign to finalize the project and
be ready for competition

Deliverables: Unknown

Decisions/Milestones with Dates:

12. Go over notes and decide what needs to be fixed by 11/5/2022
13. Work together as a team and finalize the product by 11/11/2022
Personnel Needed:

Title: All Teammates Hours: 10 Percent full time: 100%

Time: Estimated Total Hours: 10-12 Actual Total Hours:  3    

Sequence: Predecessors: Final Part Test and Meeting Successors:
COMPETITION     

Planned Start Date: 11/4/2022 Planned Finish Date: 11/11/2022

Actual Start Date: 11/10/2022      Actual Finish Date:  11/13/2022     

Costs: Capital Equipment Unknown Disposables: Unknown
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Task

12

Snapshot
s

Name of Task: COMPETITION!!!!

Objective: Compete in the design competition

Deliverables: Final Product

Decisions/Milestones with Dates:

18. Have part completed by 11/11/2022.
19. Show up to the competition on 11/12/2022
Personnel Needed:

Title: All Teammates Hours: 3 Percent full time: 100%

Time: Estimated Total Hours: 3 Actual Total Hours: 3 

Sequence: Predecessors: Final Redesigns for Competition Successors: None

Planned Start Date: 11/11/2022 Planned Finish Date: 11/12/2022

Actual Start Date: 11/12/2022      Actual Finish Date: 11/13/2022     

Costs: Capital Equipment       Disposables:      
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Gantt Chart

Figure 20: Initial Gantt Chart

Figure 21: Final Gantt Chart
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Above are two Gantt charts that were used during the process of the design project. The

first chart explains the initial goal of the team members with the expected dates of working on

the project. The second Gantt chart however explains the final and actual dates of the milestones

the group met. It is slightly adjusted, as the milestones did not always get completed on time or

took different amounts of time than originally predicted.
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Team Assessment

The team worked together to complete the project by maintaining constant

communication, collaborating on some tasks, and dividing up other tasks based upon individual

skill sets and availability.  A team contract (below) was drawn up at the beginning of the

semester outlining goals as well as strategies for conflict resolution. All team members made

sure to attend every class period they were able to so that they were meeting at minimum twice

per week face to face. The team also often met outside of class in order to work together and help

each other should that be necessary.  The team used a group message to maintain constant

contact with each other and to alert the group of any issues or important news at a moment's

notice. For the majority of the graded assignments, the work would be shared by the team and

divided up if there were multiple parts in a way that lent itself such.  For the actual design and

assembly processes, each team member had an area of the machine that they were focusing on

completing.  One member was developing the vacuum assembly, one the base, one the drivetrain,

one the arduino/sensor assembly, and one storing, the device, solid modeling, and assembling the

collective parts.
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Team Members/Team Role Test Results

Anna Buckley

Figure 22: Team Role Test Results for Anna Buckley

Actualizer
Actualizers are team-oriented and listen to all the ideas and suggestions before taking

action. They are reliable and efficient and can be counted on to meet deadlines. They like
sticking to a plan and don't like deviating from the schedule.

Judge-Appraiser
Judge-Appraisers are great observers and like to evaluate the inner workings of the team

to ensure there are no major issues. They are very analytical and need logical justification for all
their decisions.

Diplomat
Diplomats are empaths who are excellent at mediating issues between team members

without becoming confrontational. Their contributions usually go unnoticed since they keep a
lower profile but excel when it comes to helping opposing parties understand one another.
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Daniel Pelphrey

Figure 23: Team Role Test Results for Daniel Pelphrey

Judge-Appraiser
Unbiased problem solvers, who can usually focus on the most logical solution to a

problem.  They may sometimes lack some of the enthusiasm and passion of other team members.

Connector
Connectors bring energy and enthusiasm to kick off a project.  Maintains perspective and

awareness of the environment throughout the project.  May lose energy towards the end when
“grind” type work begins.

Idea Generator
Creatives who can come up with novel and unorthodox ideas. Often imaginative and

bright they think in a general manner.  May sometimes overlook small details. Will not feel the
need to stick to a  plan and may look to improvise and adapt as the situation evolves.
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Alaina Bentley

Figure 24: Team Role Test Results for Alaina Bentley

Actualizer
The actualizer is a team member who can take ideas from their team and turn them into a

reality. Usually, these are people who can be efficient and are often very set in their ways.

Finalizer
The finalizer is the person who will finish the project and make sure it is perfect.

Finalizers need to be accurate and reliable.

Coach
The coach is the team member who wants to win and has to bring energy to the team.

They are good at keeping people working and on track. However, sometimes the coach can be
aggressive and pushy.
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Ryan Blake

Figure 25: Team Role Test Results for Ryan Blake

Connector
A connector is someone that is constantly seeking new ideas from outside sources.

Whether it be from the industry or from other people, a connector is always seeking inspiration
from outside of their circle. In addition to this connectors are also great at networking and
finding sources of help towards a project

Director
A director is someone that is able to take a leadership role within a team and is able to

take a broader look at a project. Directors are able to realize the skills of people that they are
working with and are able to delegate tasks that fall in line with an individual’s skills. In
addition, directors can also play a large role in keeping the group moving in the right direction as
well as helping finalize decisions.

Coach
Coaches are driven by the desire to achieve and succeed. While they can be perceived as

overbearing and controlling at times, coaches can help provide a spark that motivates a group to
push forward.
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Mason Adams

Figure 26: Team Role Test Results for Mason Adams

Director
Confident, stable, and mature all describe a director. Keeping the end goal in mind, a

director helps navigate any stress the team may run into.

Finalizer
Give the extra effort to help the team go a step further. Make sure the work provided is

adequate and current to the fullest extent. Also calls for a strong aspect of reliability.

Connector
Leading with a rush of enthusiasm to generate outside-of-the-team connections that may

be beneficial in the long run. A lot of focus is placed on networking.
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Team Health Assessments
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Failure Analysis

The team finished the competition day with 2 wins and 2 losses.  This was not enough to
place in the top three of the competition.  The device fell short largely due to low performance
and quality of its parts and materials.  Not enough time and money was budgeted to develop all
of the parts to their full potential.

Figure 27: Final Vacuum Assembly
Vacuum Assembly

While the vacuum we developed was able to suck up some matter, it was not as effective
as a lot of the competition.  This was in large part due to issues developing the housing in a way
that significant suction was generated.  The team struggled with keeping the housing sealed
everywhere while still having a solid exhaust for the air to leave.  A proper exhaust was not
actually developed until days before the competition and the first iteration of the design had to be
used on competition day.  For budgeting reasons, the robot was limited to the small motor and
12V battery that also limited the power, affecting the performance of the vacuum.

The design could have been improved in several ways.  First, more suction could have
been generated simply by using a bigger and more powerful motor to spin our fan.  The waste
container could also have been designed in a more favorable shape to help overall performance
and the removal of collected debris on competition day.  The shape used was a hollow cylinder,
which allowed air to stagnate from the sharp corners in the design.  If it had been rounded inside
to create a vortex, it could have more efficiently generated suction from the fan and motor used.
The exhaust could have been redesigned as well so that all of the air was leaving the housing on
the backside without escaping elsewhere.
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Drive Train
The weak point of the drivetrain was the support (dolly) wheels that were essentially just

dragging along the ground.  While the device was able to move around the arena. It moved at a
slower rate than anticipated and would become stopped for short periods of time.

This could have been improved upon in several ways.  The wheels could have been
replaced with some that spun more smoothly and had better traction on sand in order to help
them rotate.  Some wheels like this were designed, but not enough time was left to implement
them onto the robot.  Two more driven wheels could also have been used, allowing all supports
to be powered and eliminating drag.  This would have been difficult to accomplish without going
over budget.

Figure 28: SolidWorks Model of Castor Wheel Hinge

Circuitry
As designed, the circuitry was adequate to be competitive in the competition, the main

drawback was durability.  One of the sensors stopped working on competition day due to a poor
connection. The height of the sensors also needed some competition day adjustment after we
found they were too high to get an accurate reading with the height of the 2x4s used to enclose
the competition area. After these adjustments, the sensors worked slightly better resulting in
more accurate readings and better competition runs.

The design could have been improved by using newer bread boards that would hold
better connections and by hot gluing the connections once they were all set properly.
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