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Executive Summary
Clear Blue Sea (CBSea) is a nonprofit startup company that has a mission to clean the
world’s oceans of marine debris. Every year approximately 8 million metric tons of plastic enters
the ocean and eventually makes its way to the great Pacific gyres, the largest of which is the
size of Texas. Thus far, Clear Blue Sea has developed a conceptual model and initial
prototypes for a marine robot that would be deployed to these areas in the ocean to clean up
plastic debris. Their solution is called FRED, the Floating Robot for Eliminating Debris. The
Salty Crew is designing and building a prototype for a subsystem of a FRED called the Debris
Collection Subsystem (DCS) to support CBSea in advancing its engineering baseline to build
the first full-scale FRED Prototype. This subsystem will collect, and store plastic debris
harvested from the ocean’s surface in order to remediate the damage cause by plastic pollution.
The scope of The Salty Crew’s project is to design and manufacture a standalone DCS
prototype which meets the specific requirements defined by Clear Blue Sea. The high level
requirements of the prototype are that it must capture marine floating plastic, transport marine
plastic debris to an onboard storage device, be able to store collected plastic, and to operate in
an ocean environment.
The project consists of two design reviews, a preliminary design review held on October
22nd, 2018 and a critical design review, held on December 3rd, 2018. Additionally, Clear Blue
Sea conducted its own design reviews with The Salty Crew at the preliminary design and critical
design phases to ensure that the best products were selected to justify its investment.
The most pressing risk for this project, found in the team’s risk matrix cube, is that an
incorrect design would render the project a failure. In an effort to mitigate this risk, The Salty
Crew has conducted extensive research, networked with experienced professionals from
multiple relevant industries. The team has strategically designed each component of the
subsystem prototype to be flexible in its component interfaces so that this prototype can yield
relevant data for eventual final DCS interface with a FRED robot.
Early in the design phase, the crew proposed three high level designs for the prototype.
These included a conveyor belt design, a rotating drum design, and a water sluice design. Each
of these three designs will be further explained in Section 5.2 Design Trade Studies of the
report. Multiple trade studies and design matrices were utilized to justify how the team chose the
conveyor design over other alternatives as well as all other component alternatives.
In the Spring of 2019, The Salty Crew will begin to manufacture and test the DCS using
incremental strategies and specified testing methods. During procurement, when a component
is received it will be unit tested alone to ensure its functionality and performance meets
expectations. The next level of testing will take place at the subassembly level. Each subsystem
will be tested before integration into the final assembly as well as after to verify that its
functionality and performance matches the expectations. Finally, testing will be conducted to
assess the functionality and performance of the integrated assembly. Ocean Oscar will be
tested in a marine environment with a level 3 on the Beaufort scale to serve as a proof of
concept. Ocean Oscar will be tested for its buoyancy, structural integrity, mobility, and
functionality of all mechanical and electrical components. Following system testing of all
components, the system will be tested for performance and efficiency of capturing floating
marine plastic debris. A more detailed breakdown of the testing phases is shown in section 3.3
Requirements Verification of the report.
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1.0 Project Overview
While Clear Blue Sea continues to conduct research and perform engineering design
work to address the major problem of ocean plastic, this nonprofit is furthering its engineering
baseline through multiple project teams comprised of student interns. This will enable them to
optimize the overall FRED design and concept of operations for prototyping as well as piloting
phases leading to full operations. A key step is to understand how the FRED subsystems will
operate in ocean environments. Furthermore, The Salty Crews subsystem prototype will serve
to provide a better understanding of how a debris collection subsystem will perform when in a
future full-scale FRED prototype. The standalone prototype will gather necessary data for Clear
Blue Sea that would allow it to potentially scale up the prototype in future iterations.

1.1 Problem Statement and User Need
The Debris Collection Subsystem (DCS) was originally modeled for Clear Blue Sea, it
was identified that a conveyor system was a potential design solution for the functional
requirements of FRED capturing and storing floating ocean debris. This design strategy was
primarily based on successful conveying system utilized on relevant capabilities, such as Mr.
Trash Wheel located in Baltimore Maryland, which collects floating plastic pollution in the river
before flowing into the Baltimore harbor. Clear Blue Sea is in need of a similar Debris Collection
Subsystem that can successfully prove that ocean plastic can be collected, transported to an
onboard storage device, contained, and eventually emptied, all while operating in an ocean
environment that is in compliance with the robot’s requirements definition baseline. The data
gathered from The Salty Crew’s Debris Collection Subsystem will provide Clear Blue Sea with
additional insights that an ocean conveyor system is a feasible design option for the full-scale
FRED prototype to be built in 2019.

1.2 Project Sponsor and SDSU Faculty Information
Clear Blue Sea is a startup nonprofit dedicated to cleansing the oceans of plastic
pollution through research, robot technology innovation, and remediation. Clear Blue Sea,
founded in San Diego in 2016, works collaboratively with organizations and individuals who
share a passion for conserving the health of the ocean. To date, Clear Blue Sea has sponsored
Student Interns from SDSU, USD, UCSD, and Webb Institute of Naval Engineering who
together have participated in engineering analysis, technical research, program planning,
requirements definition, design, and prototyping initiatives. Clear Blue Sea’s solution for ocean
cleanup is the Floating Robot for Eliminating Debris (FRED) which, when implemented in large
fleets across the ocean gyres, will be capable of harvesting millions of metric tons of plastic
debris polluting marine environments and weakening marine-based industries.
The Salty Crew is one of many engineering design teams under the supervision of Dr.
Shaffar, a senior design engineering professor at SDSU. The SDSU Mechanical Engineering
department is overseen by the department chair, Dr. John Abraham. Clear Blue Sea’s CEO,
Susan Baer, presented the project to The Salty Crew after meeting team members while
teaching as a SDSU faculty. The Salty Crew presented the project to Dr. Shaffar where it was
tentatively approved before final approval was confirmed by Dr. Abraham. This process ensured
that the project met all of the requirements of ME490A senior design and that it sufficiently met
the needs of the project sponsor.
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2.0 Project Management

Figure 1: Team Organization Chart
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2.2 Schedule
To begin the project, a schedule was laid out to account for all necessary work and the
time required to complete it. During the Fall semester of ME490A, The Salty Crew experienced
a schedule change due to the expectation that design analysis needed to be finalized by PDR.
This was an incorrect assumption due to the need to finalize a design before conducting
analysis would prove worthwhile. These schedule changes can be seen in Figure 2. The Salty
Crew adjusted its schedule to research high level design alternatives per the request of CBSea.
Upon completion of design alternative research and comparison, The Salty Crew had a more
innovative design concept. During this period a “Return to Green” plan was created between
CBSea and The Salty Crew to address concerns and to mitigate their risks. By leveraging the
“Return to Green” plan, The Salty Crew was able to complete all necessary work in time for a
rehearsal Critical Design Review (CDR) to the CBSea board of directors in preparation for the
official ME490A CDR.
Blue = Original Schedule from PMP
Green = Work Has Begun Before Expected Date
Yellow = Adjusted Work Dates
X = Date Work Was Performed

Figure 2: Fall 2018 ME490A Integrated Master Schedule
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Figure 3: Spring 2019 ME490B Integrated Master Schedule
Table 1: Integrated Master Plan

Activity #
A

Activities

Ref #

Project Startup

A01

PDD

1.1

A02

PMP

1.2

A02a

Work Breakdown Structure Completed

1.2.1

A02b

Team Organization Chart Completed

1.2.2

A02c

Risk Management Completed

1.2.3

A02d

Budget Planned

1.2.4

A02e

Schedule Drafted

1.2.5

A02f

Resource List Created

1.2.6

A02g

Requirements Mapped to Engineering
Specs

1.2.7

A02h

Traceability Matrix Developed

1.2.8

A02i

Engineering Specs Updated

1.2.9

A03

Research

1.3

A03a

Relevant Technologies Researched

-

A03b

Solutions to Similar Problems Researched

-

A04

PMP Presented

1.4
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Activity #
B

Activities

Ref #

Preliminary Design Development

B01

Design Formatted

2.1

B02

Alternative Designs Compared

2.2

B03

Design Analyzed

2.3

B03a

CAD/CAE Models Completed

2.3.1

B03b

Static Analysis Completed

2.3.2

B03c

Motor Horsepower Analysis Completed

2.3.3

B03d

Buoyancy Analysis Completed

2.3.4

B03e

Sprocket and Chain Analysis
Completed

2.3.5

B03f

Electrical Analysis Completed

2.3.6

B03g

Cost Value Analysis Completed

2.3.8

B04

All Materials Selected

2.4

B05

Design Finalized

2.5

B06

Requirements Mapped in RTM

2.6

Activity #
C
C01
C01a

Activities

Ref #

Critical Design Development
Design Adjusted from PDR feedback
Improvements Implemented

3.1
3.1.1

C02

Risk Mitigation Analysis Completed

3.2

C03

Bill of Materials Completed

3.3

C04

Procurement Plan Completed

3.4

C05

Testing Plan Completed

3.5

C05a

Unit Testing Plan Completed

3.5.1

C05b

Assembly Test Plan Completed

3.5.2

C05c

Integrated Test Plan Completed

3.5.3

C06

Final Design Narrative Written

3.6

C07

Build Plan Developed

3.7
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Activity #
D

Activities

Ref #

Materials and Parts Procurement

D01

Components from Suppliers Ordered

4.1

D02

Satisfactory Component Quality Verified

4.2

D03

Purchased Components Inventoried

4.3

D04

Unsatisfactory Components Returned

4.4

D05

Bill of Materials Updated

4.5

D06

Budget Plan Updated

4.6

Activity #
E

E01

Activities

Ref #

Manufacturing

All COTS Components Procured

5.1

Custom Manufacturing Completed

5.2

E01a

Containment System Slide Machined

5.2.1

E01b

Boom Arm Plates Waterjetted

5.2.2

E01c

Containment System Shell Walls Cut to Size

5.2.3

E02

Unit Fabrication Completed

5.3

E02a

Conveyor Refurbishing Completed

5.3.1

E02b

Unit Testing Successful

5.3.2

E02c

Unit Troubleshooting Completed

5.3.3

E03

Subassembly Fabrication Completed

5.4

E03a

Containment System Fabrication Completed

5.4.1

E03b

Modular Dock Construction Completed

5.4.2

E03c

Boom Arms Assembled

5.4.3

E03d

Conveyor Framing Manufactured

5.4.4

E03e

Subassembly Testing Successful

5.4.5

E03f

Subassembly Troubleshooting Completed

5.4.6

E04
E04a

Assembly Fabrication Completed
Power System Added

5.5
5.5.1
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Activity #
E

Activities

Ref #

Manufacturing Continued

E04b

Assembly Testing Successful

5.5.2

E04c

Assembly Troubleshooting Completed

5.5.3

Manufacturing Finalized

E05

Activity #
F

Activities

5.6

Ref #

Project Finalization

F01

Final Report Written

6.1

F02

Design Day Presentation Prepared and Practiced

6.2

F03

Design Day Presentation Completed

6.3

The Integrated Master Plan (IMP) in Table 1 is a list of deliverables The Salty Crew will
provide to CBSea. Each item listed on the IMP references a task on the Gantt charts showing
the ME490A and ME490B schedules in Figure 2 and Figure 3. The IMP will help judge when
tasks are considered complete and aid in the tracking of work completed to date.

2.3 Budget
To begin the semester, The Salty Crew sought to fund the Debris Collection System by
applying for $18,000 through the San Diego State University Student Success Fee program.
The Salty Crew founded an on-campus organization, named The Clear Blue Sea Club, to
strengthen credibility and accountability for our project funding application. Unfortunately, the
budget was forced to change due to denial of the funding application. Notice of the failed
funding application request was not received until November 16th, 2018 which forced major
design reconsiderations late into the design process. The Salty Crew arranged a meeting with
its project sponsor, Clear Blue Sea, and was able to successfully secure $5,000 for
procurement, assembly, and testing of the Debris Collection System. The team was able to
successfully redesign to cost and produce a Bill of Materials, Table 1: Materials Budget, which
fell under the $5,000 ceiling. Notably, the Bill of Materials shown below does not include
shipping or freight costs, although many of the components will be ordered from suppliers which
do not charge for shipping or can be picked up in person. Additionally, the conveyor cost
estimation is a worst-case scenario price assuming that the used machinery dealer is unwilling
to negotiate. If negotiations progress successfully, the conveyor cost should reduce significantly
providing a larger cushion for cost overages.
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Table 2: Materials Budget
Containment (w/ Tax)

$208.22

Funneling (w/ Tax)

$69.04

Sensors (w/ Tax)

$51.53

Power (w/ Tax)

$204.89

Conveyor (w/ Tax)

$2,694.80

Flotation/Frame (w/ Tax)

$1,104.41

Estimated Total for all Systems (w Tax)

$4,332.89

Due to the nature of the senior design capstone, labor costs will not be incurred over the
duration of the project. It is assumed that all members of The Salty Crew will contribute equally
to the time required for design, procurement, assembly, and testing. It is expected that each
team member will contribute 10 hours per week over the course of the remaining 16 weeks until
San Diego State University’s Design Day on May 8th to ensure that the Debris Collection
System is successfully assembled and tested. A visual breakdown of the Labor Budget can be
seen below in Table 3: Labor Budget.

Table 3: Labor Budget
Number of Team
Members

Hours Per Week Per
Member

Weeks

Total Labor Hours
During 490B

6

10

15

960
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Table 4: Work Breakdown Structure
1.

SENIOR PROJECT - THE SALTY CREW

1.1
1.1.1
1.1.1.1
1.1.1.2
1.1.1.3
1.1.2
1.1.3
1.1.4
1.1.5
1.1.6
1.1.7
1.1.8
1.1.9

PROJECT PLANNING
Draft Project Plan
Draft Work Breakdown Structure
Draft Team Organization Chart
Draft Risk Management
Research Relevant Technologies
Propose Alternative Design Ideas
Plan Schedule
Plan Budget
Plan Resource List
Write and Present PMP
Estimate Time and Cost
Update PMP as Required

1.2
1.2.1
1.2.2
1.2.3

MANAGE SYSTEM REQUIREMENTS
Map All Requirements to Specific Engineering
Specifications
Establish Requirements Traceability Matrix
Update Engineering Specifications as Needed

1.3
1.3.1
1.3.2
1.3.3
1.3.4
1.3.5
1.3.6
1.3.7
1.3.8

DEVELOP PRELIMINARY DESIGN
Continue Relevant Technologies Research
Research relevant solutions to similar problems
Develop CAD/CAE models for All Designs
Write Narrative Descriptions for PD
Perform Engineering Analyses of All Designs
Map Design to Requirements in RTM
Present Preliminary Design For Review
Update Cost Analysis
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1.4
1.4.1
1.4.2
1.4.3
1.4.4
1.4.5
1.4.6
1.4.7
1.4.8
1.4.9
1.4.10

PERFORM ENGINEERING ANALYSIS
Perform Static Analysis
Perform Reliability Analysis
Analyze Possible Materials for Selection
Analyze Power Consumption
Perform Finite Element Analysis
Perform Gear Train/Gear Teeth Analysis
Determine Factor of Safety for All Components
Perform Reliability Analysis
Perform Failure Effects Analysis
Perform Interoperability Analysis

1.5
1.5.1
1.5.2
1.5.3
1.5.4
1.5.5
1.5.6
1.5.7
1.5.8
1.5.9
1.5.10
1.5.11
1.5.12
1.5.13

DEVELOP CRITICAL DESIGN
Develop Action Plan to Integrate PDR Feedback
Assess Design Issues
Update Risk Management
Develop final CAD/CAE models
Perform any additional Engineering Analyses
Identify all custom-made components
Identify components to be made in machine shop
Compose List of Suppliers and Products/Services
Develop Bill of Materials
Develop complete Procurement Plan
Write final design narrative descriptions
Develop build plan
Prepare Presentation for Critical Design Review

1.6
1.6.1
1.6.2
1.6.3
1.6.4
1.6.5
1.6.6

PROCUREMENT OF MATERIALS AND PARTS
Order Components from Suppliers
Verify Ordered Components are Satisfactory for Build
Create Inventory of Ordered Component Receipts
Return Unsatisfactory Components
Update Bill of Materials
Update Budget Plan
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1.7
1.7.1
1.7.2
1.7.3
1.7.4
1.7.5

FABRICATE DEBRIS COLLECTION SUBSYSTEM
Fabricate custom-made components
Begin Component Assembly
Assess Build Issues
Assess Interface Issues
Document implementation of Design

1.8
1.8.1
1.8.2
1.8.3
1.8.4
1.8.5

SYSTEM TEST
Develop Unit Test Plan
Check for System Errors
Debug any Electrical Component Codes
Redesign If Necessary
Team Training of Relevant Skills

1.9
1.9.1
1.9.2

DESIGN DAY DEMONSTRATION
Prepare for Demonstration
Complete Design Day Demonstration
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3.0 Systems Engineering
3.1 Requirements
User requirements were laid out by Clear Blue Sea to verify that the standalone Debris
Collection System serves as a proof of concept for continued development of FRED. The User
Requirements listed in Table 5 are considered the overarching DCS requirements while the
Engineering Specifications in Table 6 are more specific and drive design decisions. Engineering
specifications are derived from the User Requirements and are mapped to each individual
subsystem in Figure 45: Requirements Traceability Systems Level Diagram.

#

Table 5: User Requirements

1 Debris Collection System (DCS) cannot exceed vessel weight limits
2 Must be able to capture marine floating plastic
3 Must be able to transport marine plastic debris to an onboard storage device
4 Must be able to store collected plastic pollution
5 Must be able to operate in ocean environment
6 Safety
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3.2 Engineering Specifications
Corresponding User
Requirement
1

2

Table 6: Engineering Specifications

n

Cannot contribute to more than 100% of max load

a

Down to a depth between 12 and 18 inches below the robot

a

Plastics 5mm to 1m in size

b

80% capture efficiency

c

90% reliability

a

80% of captured plastic makes it to storage device

b

Enable water runoff

c

Identify jams

d

Up to 90% capacity of the storage device

a

Bin closed within 1 hour of reaching 90% capacity limit

b

Debris collection stops after 90% capacity reached

c

90% reliability

a

Up to 3 on the Beaufort scale

b

Less than an average of one minor incident per week during the project

a

3

4

5

6
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3.3 Requirements Verification
Table 7: Requirements Verification

User
Requirements
Debris Collection
System (DCS)
cannot exceed
vessel weight
limits

Engineering
Specifications
· Cannot
contribute to more
than 100% of max
load

· 80% capture
efficiency

Verification Method
To verify that the DCS does not exceed the max load of the
vessel, the vessel will be deployed in Mission Bay. This user
requirement will be verified if the vessel floats.

The capture efficiency is defined by the percentage of pieces
of debris that make it onto the conveyor belt in comparison
with the total number of debris that come into contact with the
conveyor belt or concentration system. To demonstrate this
requirement the DCS will be deployed in Mission Bay. It will
be anchored in place and team members will use canoe
paddles to create a flow of water that will allow a specific
number of plastic debris, varying in size, to make contact with
the DCS. The capture efficiency will then be calculated by
dividing the number debris captured by the total number of
debris that come into contact with the DCS.

Must be able to
capture marine
floating plastic
· Must collect
plastics 5mm to
1m in size

To verify that the DCS has the ability to capture plastics 5mm
to 1m in size, we will run the same demonstration stated
above, while using only plastics of the minimum size (5mm)
and then again with only plastics of the maximum size (1m).
This will allow confirmation of an 80% capture efficiency for
the specified size requirements at both extremes.

· Must collect
plastic debris
down to a depth
between 12 and
18 inches below
the water

To verify the specified depth requirement, measurements will
be taken to ensure the conveyor belt is submerged to the
required depth. Then tests, using the methods described
above, will be performed to confirm an 80% capture efficiency
of submerged debris.
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· 80% of captured
plastic makes it to
storage device

· Identify jams

Must be able to
transport marine
plastic debris to
an onboard
storage device

To identify and avoid jams during operation, the DCS will
have an onboard camera that provides a live feed of the
operational conveyor belt to a mobile device on shore that will
allow team members to monitor the conveyor belt and cease
operation in the event of a jam. To test for this requirement,
an oversized piece of debris will be deployed without giving
notice to the team member who is monitoring the conveyor
belt from the live feed onshore. This team member will have
to recognize the hazard and cease operation before the
oversized debris causes damage to the DCS.

· Enable water
runoff

To verify that the DCS allows water runoff we will perform a
visual inspection while the DCS is operational. It will be clear
that water is being allowed to runoff by watching the debris it
is transported up the conveyor belt. The effectiveness of
water runoff will be also be visible by inspecting how much
water is draining from the storage unit during, and after,
operation.

· 90% reliability

To verify this reliability requirement, we will record the time
during testing and ensure that the DCS is fully operational
during 90% of the testing period. Fully operational periods
include the amount of time in which the DCS is actively
collecting debris. To calculate this amount of time, we will
take the entire testing period and subtract the amount of time
used for fixing jams, emptying/restocking the storage device,
and any other time in which the operation is required to stop
during testing.

· Up to 90%
capacity of the
storage device
Must be able to
store collected
plastic pollution

To test for this requirement the DCS will be deployed in
Mission Bay

· Debris collection
stops after 90%
capacity reached

This requirement will be verified through visual inspection
during testing. During testing, the DCS will operate until the
storage bin is at 90% capacity.

A camera will be mounted within the storage device at a
location that allows the level of capacity to be clearly
monitored. The camera will provide a live feed to a mobile
device onshore. This will allow the team to monitor the
capacity level and cease operation when the storage device
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reaches 90% capacity. This requirement will be verified by
having the team member that is monitoring the storage
device cease operation at 90% capacity and then sending
another team member to confirm through visually inspection
(of the actual DCS, not via the camera’s live feed) that 90%
capacity has in fact been reached.

Must be able to
operate in ocean
environment

Safety

· Bin closed within
1 hour of reaching
90% capacity limit

This requirement will be verified through visual inspection.
Upon reaching 90% capacity, the team member tasked with
monitoring the capacity from onshore, will trigger the actuator
that allows the lid to close.

· Up to 3 on the
Beaufort scale

To test for this requirement, we will use canoe paddles, and
large objects to displace water in order to simulate that would
be rated a 3 on the Beaufort scale.

· 90% reliability

· Less than an
average of one
minor incident per
week during the
project

To verify this reliability requirement in rougher conditions, we
will record the time during testing and ensure that the DCS is
fully operational during 90% of the testing period while the
rougher conditions are replicated. Fully operational periods
include the amount of time in which the DCS is actively
collecting debris. To calculate this amount of time, we will
take the entire testing period while the rougher conditions are
replicated and subtract the amount of time in which the DCS
is not functioning or ceases operation. This includes time
spent reorienting the DCS or handling any issues that are
brought on by the inclement conditions, as well as fixing jams,
emptying/restocking the storage device, and any other time in
which the operation is required to stop during testing.
To meet this requirement the team will take steps to actively
follow safety procedures, as well as use proper personal
protective equipment and safety gear during manufacturing,
assembly, and testing throughout the duration of this project.
The safety requirement will be verified by documenting every
incident, minor or major, during the duration of this project
and providing a report of incidents that will need to total an
average of less than 1 minor incident per week. Major
incidents, should they occur, will affect the total average of
minor incidents as deemed appropriate by sponsor.
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3.4 Systems Safety
Table 8: Failure Modes and Effects Analysis
Failure Mode

Severity
Rate 1-10

Probability
of
Occurrence
Rate 1-10

Probability
of Detection
Rate 1-10

Action to
resolve

Risk Priority
Number
(RPN)

Boat
capsizes/
sinks

10

3

10

Team will
salvage the
vessel

1

Conveyor
structure
breaks

8

3

10

Redesign/
retrofit
frame

2

Bolt snaps

7

1

7

Replace bolt 3

Bearings lock
up

7

1

8

Select
different
bearings
and replace

4

Motor short
circuits

7

3

10

Reconfigure
motor circuit

5

Actuator short
circuits

7

3

6

Reconfigure
actuator
circuit

6

Motor breaks
chain &
sprocket
system

7

1

10

Replace
chain and
sprocket

7

Sprocket/
gears fracture
and/or break

5

3

8

Redesign
8
and replace
gears and/or
sprockets

Collection bin
breaks

5

1

10

Disassembl
e bin
redesign
and replace

9
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3.5 People Safety
The Salty Crew has taken several steps to ensure the safety of the entire crew at each
phase of assembly. Safety is the number one priority for the team, thus the steps that will be
taken to ensure safety as well as extra safety precautions for redundancy are shown below in
Table 9: People Safety.
Table 9: People Safety Plan

Phases of DCS

Safety Hazard

Initial Safety Plan

Manufacturing/
Fabrication

1. Improper use of SDSU machine shop
equipment causing accidental harm
to team member.

1. Salty crew will abide by the
Fabrication Shop Safety Operating
Standards (FSSOP) that is provided
on the SDSU website.

Assembling

1. Team injury using power tools during
manufacturing

1. All team members will be properly
trained to use equipment. All
manufacturing will take place with a
second team member observing in
case of an emergency.

Integrating

1. Shock risk while wiring electrical
components
2. Short circuit of electrical components
could create a fire hazard

1. Each individual of the team will
make sure power is completely off
when handling electrical
connections or power systems.
2. A fire extinguisher will be present
while wiring.

Transport

1. DCS is severely damaged due to
falling or due to improper fastening
during transit.
2. Lifting or carrying heavy material may
injure a team member.

1. Team will implement buddy system
for making sure tie downs are
properly fastened and will remain
fastened.
2. Team members will wear closed toe
shoes when lifting heavy
components in need for transit.

Demonstrating/
Testing

1. Pinching/crushing near operating
conveyor belt
2. Exposure of electronic components
to water.

1. Lockout/tagout procedure - industry
standard that ensures that
machinery will not commence
operation while maintenance or
repairs are being completed.
2. All electrical connections will be
shrink wrapped to ensure watertight
seal.
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3.6 Risk Management

Figure 4: Risk Management Cube
Managing and mitigating the risks of the project is a critical process of project
management. As risks arise throughout the design and manufacturing phases, they must be
documented and quantified to their effect on the project and their likelihood of occurrence. At
the moment The Salty Crew has six major risks which fall within the medium likelihood, medium
consequence range. A mitigation strategy was created for each risk and listed in the risk cube in
Figure 4. With the guidance of Clear Blue Sea, The Salty Crew has navigated and avoided all
risks as they have occurred throughout the semester. The Salty Crew has recently eliminated a
large risk by entering an agreement to purchase a used conveyor belt from Machinery and
Equipment Co., Inc.. An invoice to purchase this equipment can be seen in Appendix G. This
success eliminates the need to conduct a major redesign on the DCS moving into ME490B
allowing the team to focus on manufacturing and testing.
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4.0 Research
4.1 Conveyor Research
There are several key areas of research that was conducted by the team throughout the
course of this project. During the first few weeks of the project, the team was tasked with
individual research of previous solutions to the ocean plastic problem. There are companies
attempting to clean plastic out of the ocean using large floating nets, like The Ocean Cleanup
Company [10]. The team also discovered innovations to clean trash out of rivers and bays, like
the Trash Wheel Project [11] which utilizes water wheel power to rotate a conveyor belt, as well
as EPS Marine [3] using a tugboat outfitted with a conveyor and rotating boom arms to
concentrate the trash. From these two sources the team got the idea of using a conveyor belt to
pull trash out of the ocean. This method could be improved with the use of a “trash
concentration” system to help funnel the trash onto the conveyor belt, as well as sensors that
could tell the conveyor belt to reverse direction and purge any large objects that found their way
onto the belt with the possibility of damaging belt components. After further research into
conveyor belt technology it was discovered that regular fabric conveyor belts would not hold up
in water, as the fabric would be allowed to stretch and tear in ocean conditions. Modular
Conveyor belts were found as a common solution to this problem. Instead of fabric used as a
belt material, injection-molded plastic modules are assembled as interlocking units in a
“bricklayed” fashion [7]. The interlocking of these modules gives the belt lateral strength, and the
hinge rods act as pivot points when the belt is subjected to shear forces. There are also
differences in the drive methods used in traditional fabric belting versus modular belting. In
fabric belting, friction from the belt wrapped around a drive roller is used to drive the belt, and if
the belt increases in size (e.g. if it gets wet) then the friction disappears and the belt ceases to
run. This problem is solved with modular belting, as sprockets fitted on to shafts use their teeth
to transmit rotational force to the belt.

Figure 5: Intralox Shaft, Sprocket, and Modular Belt arrangement
The Conveyor Team decided that this method of belting could prove useful in the design
of an ocean conveyor. Further research into modular belting led the team to the Uni Chains
Engineering Manual [2]. The team discovered the following important considerations when
choosing a belt:
● Belt pitch: small pitch reduces chordal action and vibration, less noise, can achieve
tighter transfers and use smaller sprockets. Larger pitch belts are usually stronger and
thicker for more wear and impact resistance.1
1

Uni Chains Engineering Manual. Page 8.
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●

The texture of the surface is an important consideration. Belting companies provide
options for belts with different sized open areas (the “holes” in the belt), surface textures
and accessory sizes. The design of the underside of the belt will have an effect on wear,
support, and how often the belt needs to be cleaned.
● The material of the belt, sprockets, and accessories also needs to be determined.
Choice of material should take into consideration belt strength, wear resistance,
chemical resistance, temperature limits, speed, and other things. Most belting
companies (this was found to be true amongst Sparks, Intralox, and Uni Chains) offer
belts in Polypropylene, Polyethylene, and Acetal. The attributes of each will be
discussed later.
● The belt will need to be strong enough to handle the forces applied on it during service.
Information on belting material selection strategies was provided in the Intralox
Engineering Manual [7]. The trade study that was used to make a material decision can be
found in section 5.2
● “Wear Strips” are also an important addition onto any modular conveyor. Wear strips are
basically strips of material (from polyethylene plastic to steel) that are placed between
the bed and the moving chain to prevent unnecessary wear on the chain as well as the
bed.
● Tension Take-Up systems are attached to the belt at the tail end, and by method of
spring or screw, allow adjustment of the position of the tail end roller. This is to allow an
increase or decrease in the length of the conveyor (from centerline to centerline), to
ensure that proper belt tension has been achieved. [2]
Team member Jordan Walker completed a summer internship with Clear Blue Sea and
proved that a belting accessory called a “flight” or “cleat” could be installed that would help
prevent slippery plastic from sliding off of the belt. His research indicated that a 2-3 inches tall
flight proved to be an effective flight size to pull plastic out of the ocean.

4.2 Flotation System Research
A major aspect of this design project was developing a cost effective method to float the
debris collection system. The team began the design process by performing research in order to
develop design alternatives for the DCS Flotation Subsystem. The team first researched used
catamarans which could be purchased and modified to fit the debris collection system. This
stemmed from Clear Blue Sea’s long term goal of deploying the final model of the FRED robot
on a large catamaran. In order to develop design alternatives that would also meet the user
requirements, the team came up with two flotation ideas to research as well. The first was to
use industrial plastic drums for flotation, and the second was to use sections of floating docks in
order to support the debris collection system.
There are many different types of catamaran boats spanning a wide range of costs from
small used HobieCat boats in the $500 range to large yachts that can cost millions of dollars.
The teams research into catamarans showed that the catamarans within an affordable price
range would have a limited weight capacity that could not be altered. The catamarans at the
smaller, more affordable sizes were primarily designed for racing, or a high speed application,
which limited the maximum weight capacity. The catamaran that we researched was the
HobieCat 16 due to its 16 ft size, and popularity within the catamaran sailing industry. The
HobieCat has a maximum capacity of 800lbs [5]. From our research we also discovered that to
conserve the stability of the catamaran, it is recommended for it to sit between 30% and 40%
displacement, which would mean only weighing the HobieCat down with 240 to 320 lbs. (with
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800lbs as the 100% displacement weight). These weight restrictions would require us to
minimize the design of the debris collection system. The support locations that would allow the
debris collection system to be suspended from a catamaran were limited to the cross beams
that hold the catamaran’s two pontoons together. These cross beams are placed at their
locations on the boat by the manufacturer in order to create stability. These locations are critical
to the catamaran design and could not be easily altered which would have limited the flexibility
of the debris collection system design as well.
One of the team members on The Salty Crew had experience using industrial drum
barrels as a method of flotation in a project they had completed prior to this semester that
involved creating a floating ramp for recreational wakeboarding. From this experience the team
member was able to share that although the drum barrels had provided sufficient flotation, their
stability was unreliable due to their curvature. When displacing water with the drum barrels, the
round shape of the drum barrels caused them to spin and slip which is undesirable for the DCS
application.
Additionally, the team performed research into floating docks to use as a method of
flotation. The research quickly showed that building a floating dock would allow complete
flexibility in the design of the flotation device. The max capacity of the dock could be altered by
simply adding or removing dock floats, and the stability of the flotation device could be adjusted
by changing the location of the dock floats. In order to further the research of building a floating
dock, the team reached out to a peer that had experience building on docks professionally for a
company called RJ Docks, located in Canada. This peer helped show the team how the docks
could be framed properly to fit the dock floats, as well as provided the team with
recommendations for materials which would work well for the DCS application. From this
research the team decided that floating docks would be the simplest and most effective way to
float the DCS.

5.0 Design
5.1 Initial Designs
At the start of the Fall Semester, The Salty Crew hosted an internal meeting in which
three high level design alternatives were formulated. Each design varied in creative approaches
in removing plastic debris from the ocean while prioritizing the engineering requirements. To
thoughtfully justify a initial design, nine evaluation criteria were created: Safety, Cost, Reliability,
Weight, Power Consumption, Manufacturability, Collection Efficiency, Maintainability, and
Feasibility. After designating the specified criteria, each was allocated a weight percentage out
of 100. The Salty Crew then gave a score on a scale of 1-5 for each high level designs
evaluation criteria. 1 being the worst and 5 being the best for each criterion. Finally, each score
was multiplied by the weight percentage and were then added up. The design with the highest
total score was the Conveyor Belt with a score of 395 seen in Figure 6 below. After intensive
internal discussion and rational, The Salty Crew determined to move forward with the Conveyor
Belt design. Upon choosing this high level design alternative, The Salty Crew was able to aim its
focus in designing smaller and much more detailed subsystems such as: Containment,
Funneling, Sensors, Power, Conveyor, and flotation. These smaller subsystem design decisions
are analyzed more extensively in section 5.2 Design Trade Studies of this report.
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Figure 6: Initial Design Matrix

Figure 7: Rotating Drum Initial Design Concept
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Figure 8: Water Sluice Initial Design Concept

Figure 9: Conveyor Belt Initial Design Concept

5.2 Design Trade Studies
Trade studies were essential to evaluate the pros and cons of design alternatives during
the conceptualization of the Debris Collection System. During the design phase all critical
subsystems were vetted and ranked using criteria relevant to the subsystem. Each criteria was
ranked as green, yellow, or red representing advantageous, average, or disadvantageous
respectively. The reasoning behind each evaluation is listed in the respective box for future
reference and design justification for Clear Blue Sea. All group members were involved with
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discussion, evaluation, and finalization of all critical design components. A complete analysis of
trade studies for critical design components along with all accompanying trade studies for three
alternative suppliers can be found in Appendix A.
Conveying System - It was decided that a conveyor belt would provide the best design solution
to meet the engineering specifications. This was evaluated as the best solution because:
● Extensive information is publicly available about conveyor belt design and maintenance.
● Conveyors are commonly available on the commercial market.
● The belt can be easily adapted to collect the required plastic sizes ranging from 5mm1m.
● The collection efficiency can be tested and optimized by adjusting tilt angle, drive speed,
and baffle size.
● The conveyor can easily integrate with other subsystems of the DCS.
● The reliability of components involved is high with low downtime required to replace in
case of failure.
The Salty Crew decided to move forward with the purchase of a used stainless steel
conveyor belt from Machinery Equipment & Co., Inc. which includes a stainless steel belt with
3mm x 3mm chain mesh to capture the minimum plastic size required. The used belt will require
the replacement of 4 flange bearings which has been accounted for in the Bill of Materials. The
belt will require the purchase of a drive motor which was sized using belt speed, friction, and
hydrodynamic calculations as well as power consumption considerations. The drive motor has
been sourced from Grainger.
Flotation / Framing System - It was decided that a modular floating dock would provide the
best design solution to meet the engineering specifications. This was evaluated as the best
solution because:
● The dimensions of the constructed dock are flexible to meet the engineering
requirements of other subsystems.
● An existing flotation system such as a catamaran will not need to be retrofitted which
could compromise its structural integrity.
● Additional dock floats can be added/removed to increase/decrease the buoyancy of the
integrated assembly to ensure that the DCS floats while also meeting the requirement
that the conveyor belt tip is submerged 6 - 18 inches below the water line.
● The components to construct a dock are commercially available.
● By building the dock in modular sections the transportation of the DCS will be
substantially easier considering the size will be approximately 14 ft. L x 9.5 ft. W.
The Salty Crew will be constructing a dock frame using wood which will be attached to
dock floats sold by Permafloat. The design will incorporate 2 separate dock sections, one dock
section will serve as the mounting points for the conveying system and funneling system while
the second dock section will carry the power system, containment system, and sensor system.
Funneling System - It was decided that a non-motorized channeling system would provide the
best design solution to meet the engineering specifications. The non-motorized channeling
system will consist of two boom arms which will expand the collection range of the DCS and
funnel ocean debris onto the conveying system. This was evaluated as the best solution
because:
● The non-motorized boom arms will have high reliability since there are no moving parts
to fail.
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●
●
●

Motorizing the booms would give minimal gains to the collection efficiency while adding
a level of complexity and point of failure in the assembly.
Motorizing the boom arms would require more money than The Salty Crew has been
allocated.
Non-motorized boom arms will not endanger marine wildlife.

The funneling system will consist of two stationary mounted sheets of aluminum
mounted on the modular dock at a 45 degree angle to the right and left of the conveyor belt.
These sheets will serve to expand the range of collection for the DCS. All fasteners used to
manufacture the funneling system will be corrosion resistant due to prolonged periods of contact
with saltwater.
Containment System - It was decided that an on-board containment bin would offer the easiest
integration with the flotation system as well as a higher level of reliability than an offboard bin.
The on-board bin was evaluated as the best solution because:
● The bin used is inexpensive and commercially available.
● Keeping the containment system on-board will reduce the risk that electronics are
exposed to water.
● Keeping the containment system on-board will help insure that stray trash does not reenter the ocean.
● The weight added by keeping the containment system on-board is insignificant
compared to the cumulative buoyancy afforded by the dock floats
The containment system will be custom manufactured to create a stainless steel and
plywood shell around a wooden frame holding a 38 gallon plastic bin. The containment shell will
include a closing flap with an Eye hook attached. While the bin is below 90% capacity and the
conveyor is operating, the flap will be held open by a linear actuator pin through the Eye hook.
Once the containment bin is 90% full the linear actuator will retract allowing the bin flap to fall
shut.
Sensor System - It was decided that a human and sensor combination would be the most
efficient solution for the DCS. For the intended scope of this DCS prototype the autonomous
aspect of the finalized FRED model is not required. The human and sensor combination was
evaluated as the best design solution because:
● Having a live video stream from a camera will allow an operator to identify a belt jam or
overly large debris which may damage hardware.
● A second camera with a live stream and a light will be mounted inside the containment
bin to determine when 90% bin capacity has been achieved
● A voltage meter will be in-line with the motor wiring to prevent burning out the motor due
to a jam that is not visible to the human operator.
The DCS will utilize two GoPro Hero 4 cameras due to their live stream capability and
that we can borrow them from our peers allowing us to minimize our costs. By using a human as
our control system, the team was able to avoid excess work that is outside of the scope of the
intention of our project. The voltage meter will allow the operator to monitor the motor’s voltage
draw helping prevent hardware damage in case of a jam. The operator will be able to enact a
belt reverse protocol to attempt to dislodge a jam.
Power System - It was decided that a DC battery bank will be the best solution to power the
DCS. The DC battery bank is the best solution because:
● The DC power supply to a DC motor will lend itself to easy integration.
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●
●
●

Using DC power allows the use of a speed controller which will allow the DCS efficiency
to be tested at multiple belt speeds.
Using batteries will allow the DCS to be mobile and allow testing on Mission Bay.
The procurement time to purchase DC batteries will be low.

The DCS will use DC boat batteries to power the conveyor motor and linear actuator. By
consistently using DC powered mechanical components this will avoid the need for an AC to DC
inverter. The cameras will not require power from the battery bank.

5.3 Prototypes
Due to the nature of our project, at this time The Salty Crew has no notable prototypes to
reference. The duration of ME490A has been committed to designing a full-scale model of the
DCS thus it was determined to be of no benefit to create a smaller, non-scalable prototype. The
process of scaling a prototype would not yield equitable test results. Additionally, The Salty
Crew’s budget does not afford extra funds to pay for a scaled prototype. All components
purchased are designed for full scale operation.
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5.4 Supporting Trade Studies
5.4.1 Make/Buy Trade Studies
An extremely vital aspect during the design phase was making a strategic choice
between manufacturing a part or assembly internally (in-house) or buying it externally
(commercially off the shelf), otherwise known as a make-or-buy decision. The Salty Crew also
added a hybrid category to this decision meaning, a fraction of an assembly will be
manufactured in-house while another fraction will be purchased from an outside supplier. The
analysis and reasoning for each of these component decisions is highlighted below in table.
Table 10: Make-or-buy Trade Study
Component

Make/Buy/Hybrid

Reasoning

Conveyor Belt

Hybrid

Manufacturing a conveyor belt from beginning to end
is not feasible for the timeline of this project.
Alternatively, The Salty Crew will be purchasing a
used conveyor belt and modifying it for its oceanic
application.

Flotation Dock

Hybrid

The tooling required to manufacture plastic floats that
lay under the docks deck is astronomically expensive.
However, buying the floats from a supplier while
making the docks deck internally with wood will help
minimize cost.

Boom Arms

Make

Material and tooling required to manufacture are
accessible in the SDSU machine shop. Man hours of
labor is the only condition for this decision.

Containment
Bin

Buy

Plastic storage bins from hardware stores are easily
accessible and cheap in cost.

Camera

***Buy

Team members own necessary cameras for needed
application of project.

Waterproof
Bearings

Buy

The Salty Crew has no experience in manufacturing of
bearings. Although cost will impact budget, it was
deemed necessary to purchase externally.

Drive Motor

Buy

Purchasing a drive motor to operate the conveyor belt
broadens the various options offered by suppliers for
speed and voltage specifications.
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5.4.2 Material Selection Trade Study
All materials selected must be able to operate in and around an oceanic environment.
Mechanical components operating in and around saltwater are exposed to corrosive conditions
which is detrimental to their lifetime and function. Zinc plated steel and stainless steel provide
the best corrosion resistance when selecting metal components. For fastening components
which will be fully or partially submerged, The Salty Crew chose stainless steel fasteners to
avoid seizing, rusting, and separation. For fasteners with minimal direct saltwater contact, zinc
plated steel will be used due to its lower cost, comparable corrosion resistance, and high tensile
strength.
Due to the current condition of the
used conveyor belt, the existing cast iron
flange bearings will be removed and
replaced with 316 stainless steel flange
bearings. By replacing the flange bearings
with stainless steel, The Salty Crew is
mitigating a major point of failure for the
DCS. Additionally, the frame and belt of the
conveyor are also made from stainless
steel which drove our decision to purchase
this specific conveyor.
To avoid the danger of an electrical
shock in a marine environment, the team
will shrink wrap all electrical connections
as well as run all wiring through conduit
Figure 10: Corrosion Resistance Scale
during the final stages of manufacturing.
The team has selected a corrosion resistant,
high performance sport battery which is designed for operation in extreme conditions. A
combination of all of these material selections should provide adequate corrosion resistance for
the duration of the DCS testing

5.4.3 Procurement Trade Study
In order to support the design trade studies mentioned previously, the team conducted
additional trade studies to further assist in procurement making decisions. A procurement trade
study was conducted separately for the conveyor selection, drive motor selection, and the float
selection, and are outlined below in Tables 11, 12, and 13 respectively.
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Table 11: Procurement Trade Study for Conveyor Belt
Criteria (rated)/
Attributes

Machinery &
Equipment Co.

Bastian Solutions
Portable Parts
Conveyor

7350 Aquaguard
Straight Modular Belt

Total cost

$1250

$3345.75

$5000

Lead Time

One Day Pickup

3-4 weeks

4 weeks

% of Requirement
met

90%

50%

70%

Customer
Satisfaction

High

Low

Medium

Supplier Reputation

Founded in 1938,
largest used
equipment dealer in
the western united
states

Leading solutions in
material handling
since 1952

Dorner solves
industrial, packaging,
and sanitary
conveyor needs since
1966

Corrosion
Resistance

All stainless steel
frame, belt
polyethylene/steel
sprockets

Steel frame and nitrile 304 stainless steel
belt resistance to
frame & polyethylene
water
modular belt,
resistant to water

Comments

Belt is desirable size,
mesh small enough
to capture small
plastic. Bearings will
need to be replaced

Belt size of 5ft x 8in.
Too small for
application. Too
expensive

Belt width of 24 in. Is
too small to collect
plastic 1m in size

Supplier Name

Machinery &
Equipment Co.

Bastian Solutions

Dorner Conveyors

Supplier Part

S740059

PC-5-8

7350

Quantity Required

1

1

1
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Table 12: Procurement Trade Study for DC Drive Motor
Criteria
(Rated)/Attributes

DC Gear Motor

Brushless DC Motor

DB Electrical Winch
Motor

Total Cost

$462

$523

$77

Lead Time

3 days

13 days

5-7 days

% Requirements Met

100%

80%

80%

Customer
Satisfaction

Grainger works with
more than 4500
suppliers around the
world to ensure
consistent and
reliable service

Oriental Motor offers
an extensive product
line-up of about
50,000 different
products that provide
the optima motion
system

Specialize in starters,
alternators,
generators,
solenoids, and
electrical parts for all
types of vehicles
including ATV, auto,
marine, farm tractor,
high performance,
motorcycle,
construction, and
industrial

Comments

DC motor, variable
speeds, speed
control

AC motor, variable
speeds, speed
control

DC motor, no variable
speeds, no speed
control

Supplier Name

Dayton

Oriental Motor

Amazon

Supplier Part #

7CT98

BLM5120HP-20AS

458108 458001 P5534 M-3300 30516
540-00

Quantity Required

1

1

1

Length

9-23/32 in

3.54 in

9 in
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Table 13: Procurement Trade Study for Flotation
Criteria
(Rated)/Attributes

Permafloat 1

Permafloat 2

Eagle Float

Total Cost

$458.75

$524

$450

Lead Time

15 days

15 days

30 days

% Requirements Met

100%

100%

100%

Customer
Satisfaction

For nearly two
decades, Permafloat
dock floats have
been a marine
industry leader,
providing high quality
dock flotation for
commercial and
residential projects

For nearly two
decades, Permafloat
dock floats have
been a marine
industry leader,
providing high quality
dock flotation for
commercial and
residential projects

Eagle Floats are the
choice flotation of
international marine
contractors and
custom private dock
builders alike

Comments

Buoyancy 442 lbs

Buoyancy of 524 lbs

Buoyancy of 540 lbs

Supplier Name

Home Depot

Home Depot

Discount Dock
Supply

Supplier Part #

2316

2320

2448

Quantity Required

7

7

7

Length

24 in. x 36in. x16 in.

24in. x 36in. x20 in.

24in. x 48in. x16 in.
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5.5 Final Design
Renderings of the Complete Assembly

Figure 11: Complete Assembly - Isometric View

Figure 12: Complete Assembly - Exploded Isometric View
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Figure 13: Complete Assembly - Top View

Figure 14: Complete Assembly - Bottom View
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Figure 15: Complete Assembly - Front View

Figure 16: Complete Assembly - Back View
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Figure 17: Complete Assembly - Side View

Renderings of the Containment System

Figure 18: Containment System Open - Isometric View Figure 19: Containment System Closed - Isometric View
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Figure 20: Containment System - Exploded Isometric View

Figure 21: Containment System - Top View

Figure 22: Containment System - Bottom View
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Figure 23: Containment System - Front View

Figure 24: Containment System - Back View

Figure 25: Containment System - Side View
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Renderings of Funneling System

Figure 26: Funneling System - Isometric View

Figure 27: Funneling System - Exploded Isometric View
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Figure 28: Funneling System - Top View

Figure 29: Funneling System - Back View
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Figure 30: Funneling System - Side View

Renderings of the Motor Mount Assembly

Figure 31: Motor Mount Assembly - Isometric View
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Figure 32: Motor Mount Assembly - Exploded Isometric View
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Figure 33: Motor Mount Assembly - Top View

Figure 35: Motor Mount Assembly - Front View

Figure 34: Motor Mount Assembly - Bottom View

Figure 36: Motor Mount Assembly - Back View
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Figure 37: Motor Mount Assembly - Side View
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Renderings of the Flotation System

Figure 38: Flotation System - Isometric View

Figure 39: Flotation System - Exploded Isometric View
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Figure 40: Flotation System - Top View

Figure 41: Flotation System - Bottom View
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Figure 42: Flotation System - Front View

Figure 43: Flotation System - Back View
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Figure 44: Flotation System - Side View

● Systems Level Diagram

Figure 45: Requirements Traceability Systems Level Diagram
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Figure 46: Component Connection System Level Diagram

The system level diagram is an integral part of project management to ensure
that all user requirements and engineering specifications are met by the proposed
design. Figure 45: Requirements Traceability Systems Level Diagram maps how each
subsystem of the DCS fulfills the engineering specifications which are shown in the
accompanying legend. User requirements are color coded and coupled with their
respective engineering specifications. The color-coded requirement indicators are
plotted next to the respective subsystem to indicate how the component satisfies the
functional and performance requirements. It is worth noting that User Requirement #6
“Safety” is not mapped on this systems level diagram because it is assumed that safety
will be the highest priority and will be encompassed throughout the project by every
subsystem of the DCS.
Figure 46: Component Connection System Level Diagram provides a visual aid
to understand how each subsystem will be mechanically and electrically connected to
the integrated assembly. The legend included in the figure provides an explanation of
the connection type between components. All systems will have a bolted connection to
the floatation system to ensure that no components are lost during aquatic testing.
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5.6 Bill of Materials
The Bill of Materials has been broken apart to encompass each subsystem for greater
clarity. For a cumulative integrated assembly price please refer to Table 2: Materials Budget.
Tables 14-19 include all of the proposed components to successfully manufacture and
assemble the DCS. Purchasing of components will require approval by Clear Blue Sea before
procurement may proceed. If additional components are required during manufacturing, a
change order will be written and submitted to Clear Blue Sea for approval. All change orders will
be documented to include in the post-manufacturing Bill of Materials. Additional components will
be indicated in as-built drawings of the finalized DCS.
Table 14: Conveyor System BOM
Part
Machine Inc. Conveyor

Supplier
Machine Inc.

Model
S-740059

Qty

Subtotal

1

1.1,2.1,2.2,2.3,3.1,
$1,250.00 3.2,3.3,5.1,5.2,6.1

$462.00

1

$462.00

1.1,3.1,3.2,5.1,5.2,
6.1

$1,250.00

Rqmt

Drive Motor

Dayton

Drive Motor Sprocket

McMaster Carr 2737T352

$43.71

1

$43.71

1.1,2.3,3.1,3.2

Conveyor Shaft Sprocket

McMaster Carr 2737T286

$25.96

1

$25.96

1.1,2.3,3.1,3.2

Sprocket Chain

McMaster Carr 6261K171

$5.14

5

$25.70

1.1,3.1,3.2

2-Bolt Flange (NFL) Fitted
with SS316 Insert Bearing

KMS Bearings

NFL205-SSIB-1 $121.66

2

$243.32

3.2

3-Bolt Flange Bearing

Grainger

406U94

$216.50

2

$433

3.1,3.2,3.3,5.1,5.2

Purchased in
Containment

32

Phillips Flat Head Screws
for Wood

7CT98

Price

McMaster Carr 90031A305

4.1

Total

$2,483.69

Total w/
8.5% Tax

$2,694.80
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Table 15: Flotation / Frame System BOM
Part

Supplier

Model

Price

Qty

Subtotal

Rqmt

Super-Corrosion-Resistant 316
Stainless Steel Hex Head Screw,
1/2"-13 Thread Size, 3" Long

McMaster
Carr

92186A724

$1.62

6

$9.72

1.1

#9 x 2-½ in. Star Flat-Head Wood
Deck Screw (5 lb pack - 365
screws)

Home
Depot

DM212T5

$23.48

1

$23.48

1.1

PermaFloat - Buoyancy of 442lbs

Home
Depot

2316

$91.75

7

$642.25

5.1

Corner Machine Bracket, 316
Stainless Steel 2”x2”x1-½”

McMaster
Carr

2313N13

$7.89

10

$78.90

1.1

Floating Dock Hinges Pair

Home
Depot

TD-30126

$39.95

1

$39.95

5.1

Flat-Surface Bracket, 1-7/8"
Square

McMaster
Carr

1030A15

$1.55

8

$12.40

3.2

Sheathing Plywood (Common:
15/32 in. x 4 ft. x 8 ft.; Actual:
0.438 in. x 48 in. x 96 in.)

Home
Depot

20159

$17.15 per 4ft. x
8ft.

6

$102.90

5.1

2"x4"x8' Douglas Fir lumber

Home
Depot

2536

$2.98

13

$38.74

1.1, 4.1,
4.3

2"x8"x8' Douglas Fir lumber

Home
Depot

199

$4.53

14

$63.42

1.1 ,4.1,
4.3

2"x6"x8’ Douglas Fir lumber

Home
Depot

940

$6.13

1

$6.13

1.1, 4.1,
4.3

Total

$1017.89

Total w/
8.5% Tax

$1104.41
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Table 16: Funneling System BOM
Part

Supplier

Model

Price

Qty

Subtotal

Rqmt

316 Stainless Steel Washer

McMaster
Carr

91525A124

$10.67 per 25

6

$10.67

2.3

Screws for Joining Sheet Metal to
Wood

McMaster
Carr

98392A560

$9.04 per 50

6

$9.04

2.3

Strut Channel Connector, InsideAngle, 45 Degree Angle, ZincPlated Steel

McMaster
Carr

33125T42

$2.58 Each

4

$10.32

2.3

Screws for Wood, CorrosionResistant 316 Stainless Steel,
Number 4 Size, 1" Long

McMaster
Carr

90294A519

$10.36 per 50

14

$10.36

2.3

Z-MAX 2 in. x 4 in. Galvanized
Double Shear Face Mount Joist
Hanger

Home
Depot

LUS24Z

$0.91 Each

2

$1.82

2.3

18-8 Stainless Steel Button Head
Hex Drive Screw

McMaster
Carr

92949A714

$5.74 per 5

8

$11.48

2.3

316 Stainless Steel Thin NylonInsert Locknut

McMaster
Carr

97367A116

$10.09 per 10

8

$10.09

2.3

18-8 Stainless Steel Phillips Head McMaster
Screw
Carr

90065A119

$5.64 per 50

13

$5.64

2.3

Total

$69.42

Total w/
8.5% Tax

$75.32
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Table 17: Containment System BOM
Part

Supplier

Model

Price

Qty

Subtotal

Rqmt

Inside-Corner Reinforcing Bracket

McMaster
Carr

1088A31

$2.24

8

$8.96

4.1

McMaster
Phillips Flat Head Screws for Wood Carr

90031A296

$9.94 per 100

40

$9.94

4.1

McMaster
Phillips Flat Head Screws for Wood Carr

90031A305

$12.24 per 100

8

$12.24

4.1

McMaster
Phillips Flat Head Screws for Wood Carr

90031A199

$7.20 per 100

32

$7.20

4.1

2 in. x 4 in. x 96 in. Prime KilnDried Whitewood Stud

Home
Depot

161640

$2.70 per 96in.

5

$13.50

4.1

Windy
Nation

ACT-2inMBRKSSWTCH-N

$58.99

1

$58.99

4.2

3013T450

$2.86

1

$2.86

4.2

97135A210

$3.56 per pack of
25
1

$3.56

4.2

801437

$20.97

1

$20.97

4.2

1488A10

$5.60

2

$11.20

4.2

Sheathing Plywood (Common:
15/32 in. x 4 ft. x 8 ft.; Actual: 0.438 Home
in. x 48 in. x 96 in.)
Depot

20159

$17.15 per 4ft. x
8ft.

2

$34.30

4.1

316 Stainless Steel Hex Drive Flat
Head Screw

McMaster
Carr

90585A992

$3.88 per 10

10

$3.88

4.1

316 Stainless Steel Nylon-Insert
Locknut

McMaster
Carr

90715A115

$4.75 per 50

50

$4.75

4.1

Light

Already
Owned

$0.00

1

$0.00

4.1

Linear Actuator 12 Volt 12V 225
Pounds lbs + Up Down DPDT
Switch + Mounting Brackets

Steel Eyebolt without Shoulder - for McMaster
Lifting
Carr
High-Strength Steel Nylon-Insert
Locknut

McMaster
Carr

24 in. x 36 in. 26-Gauge Zinc Metal Home
Sheet
Depot
Surface-Mount Hinge with Holes

McMaster
Carr

Total

$192.35

Total w/
8.5% Tax

$208.22
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Table 18: Sensor System BOM
Part

Supplier

Model

Price

Qty

Subtotal

Rqmt

GoPro

Friend

Hero 4

$0.00

2

$0.00

3.4, 4.1

DC 5-40V 0-25A Voltage Current
Capacity Power Meter

Amazon

E001-L12025

$15.99 + $4.62
shipping

1

$20.61

3.4

1

$26.99

3.4 & 4.3

12V 60A Stepless DC Motor Speed
Controller Forward Reverse
Controller
Amazon

2126efef26m357 $26.99

Total

$47.60

Total w/
8.5% Tax

$51.53

Table 19: Power System BOM
Part

Supplier

Model

Price

Qty

Subtotal

Rqmt

Batteries

YB30CL-B
BatteryStuff.com Scorpion
$79.95

2

$159.90

2.2, 2.3, 3.2, 3.4,
4.2, 4.3

12 Gauge Easy-ID LowVoltage Cable

McMaster Carr

9697T4

$0.84 per
ft.

25

$21.00

2.3, 3.1, 3.2, 4.2, 4.3

Heat-Shrink Tubing

McMaster Carr

7856K63

$7.94 per
10ft.

1

$7.94

2.3, 3.1, 3.2, 4.2, 4.3

Conduit

IMS

TBD

TBD

TBD

TBD

Total

$188.84

Total w/
8.5% Tax

$204.89
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6.0 Engineering Analysis
6.1 Static Calculations of Forces Acting at Support Locations on
Conveyor Belt

Figure 47: Static Loading on Conveyor Supports Free Body Diagram
𝐹" = estimated weight of conveyor belt plus an additional surplus of weight to add a factor of
safety to the calculations (exact weight of the conveyor belt is unknown but is expected to be
between 300 and 400 lbs.)
𝐹# = weight acting at the two support points on the conveyor belt at point c
𝐹$ = weight acting at the two support points on the conveyor belt at point b
𝐹% = weight acting at the two support points on the conveyor belt at point a
𝐹" = 500 lbs
𝛴𝑀( = 0;
0 = −(𝐹# ∗ 𝑐𝑜𝑠20 ∗ 110) − (𝐹$ ∗ 𝑐𝑜𝑠20 ∗ 83) + (500𝑐𝑜𝑠20 ∗ 55)
0 = −110𝐹# − 83𝐹$ + 27500
27500 = 110𝐹# + 83𝐹$
𝐹# = 250 − 0.75𝐹$ à (1)
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𝛴𝑀: = 0;
0 = −(𝐹# cos(20) ∗ 27) − (500 cos(20) ∗ 28) + (𝐹% cos(20) ∗ 83)
0 = −27𝐹# − 14000 + 83𝐹%
14000 = 83𝐹% − 27𝐹# à (2)
Combine equations (1) & (2)
𝐹% = 168.67 + 0.33𝐹#
𝐹% = 168.67 + 0.33(250 − 0.75𝐹$ )
𝐹% = 251.7 − 0.25𝐹$ à (3)
𝛴𝑀" = 0;
0 = A𝐹$ cos(20) (27)B − A500 cos(20) (55)B + (𝐹% cos(20) (110))
0 = 27𝐹$ − 27500 + 110𝐹%
27500 = 27𝐹$ + 110𝐹% à (4)
Combine equations (3) & (4)
27500 = 27𝐹$ + 110(25.17 − 0.25𝐹$ )
−128.7 = 27𝐹$ − 27.5𝐹$
−128.7 = −0.5𝐹$
𝐹$ = 257 lbs
𝐹% = 251.17 − 0.25(257)
𝐹% = 186.92 lbs
𝐹# = 250 − 0.75(257)
𝐹# = 57.25 lbs
From these calculations, it can be concluded that each of the two supports at point c on
the conveyor belt will handle a weight of 28.63 lbs. At point b, each of the two supports will
handle a weight of 128.5 lbs., and at point a, each of the two supports will hold 93.46 lbs.
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6.2 Static Analysis to Determine Buoyancy Forces Required to Float
Debris Collection System
Static Analysis on Conveyor Support Dock

Figure 48: Static Buoyancy Freebody Diagram for Conveyor Support Dock
𝐹E,# = weight of wooden deck that does not have middle portion cut out (said portion of wooden
deck boxed below in “top view” sketch):

Figure 49: Force Centroid on Rear Portion of Conveyor Support Dock
𝐹E,$ = weight of wooden deck with cut out (portion of wooden deck boxed below in “top view”
sketch):

Figure 50: Force Centroid on Front Portion of Conveyor Support Dock
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𝐹G,H = buoyancy required at centroid locations of the three dock floats in the stern of the DCS
𝐹G,G = buoyancy required at centroid locations of the two dock floats in the bow of the DCS
𝐹# = 57.25 lbs.
𝐹$ = 257 lbs.
𝐹% = 186.92 lbs.
𝐹E,# = 96.4 lbs.
𝐹E,$ = 137 lbs.
∑ 𝑀J = 0;
90.4𝐹E,# + 103.4𝐹# + 78.03𝐹$ + 39𝐹E,$ – 85.4𝐹G,H = 0
(90.4x96.4) + (103.4x57.25) + (78.03x257) + (39x137) – 85.4𝐹G,H = 0
𝐹G,H = 468.78 lbs

𝐹G,H

∑ 𝐹K = 0;
+ 𝐹G,G - 𝐹# - 𝐹$ - 𝐹% - 𝐹E,# - 𝐹E,$ = 0
468.78 + 𝐹G,G – 733.2 = 0
𝐹G,G = 264.42 lbs

From these calculations it can be concluded that the three dock floats, at their chosen
location in the stern of the conveyor belt dock, will need to provide a buoyancy force of 468.78
lbs.; and that the two dock floats, at their chosen location in the bow of the conveyor belt dock,
will need to provide a buoyancy force of 264.42 lbs.
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Static Calculations for the Containment System Dock

Figure 51: Static Buoyancy Free Body Diagram for Containment System Dock
𝐹"JL = weight of containment system, including the storage bin at maximum capacity
𝐹E = weight of the wooden deck on the containment system’s dock
𝐹G,"JL = buoyancy required at centroid locations of the two dock floats on the containment
system’s dock
𝐹"JL = 89.77 lbs.
𝐹E = 153.68 lbs.
𝛴𝐹K = 0;
𝐹G," − 𝐹"JL − 𝐹E,"JL = 0
𝐹G," − 89.77 − 153.68 = 0
𝐹G,"JL = 243.45
From these calculations the two dock floats on the containment system dock will need to
provide a combined buoyancy force of 243.45 lbs. to float.
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6.3 Percent Displacement Calculations for the Dock Floats
Percent Displacement Calculations for the Dock Floats on the Conveyor Belt
Support Dock
Dock float specifications:
- Dimensions: 24”x36”x16”
- Weight Capacity at 100% displacement: 442 lbs. / float

Displacement Percentage of the three dock floats located in the stern:
MN,O

`ab.cb

(PQR. "(S("TUK (U #VV% XTYSZ("[\[LU )(# J^ XJ"_ ^ZJ(UY)

= (``$)(%) = 0.3535 = 35.35 % displacement in the

stern

Displacement Percentage of the two dock floats located in the Bow:
MN,N

$a`.`$

(PQR. "(S("TUK (U #VV% XTYSZ("[\[LU )(# J^ XJ"_ ^ZJ(UY)

= (``$)($) = 0.2991 = 29.91% displacement in the

bow
Water level from the bottom of the dock floats in the stern = (0.3535) (16) = 5.66 in
Water level from the bottom of the dock floats in the bow = (0.2991) (16) = 4.79 in
5.66in. - 4.79in. = 0.87 in.
The dock floats in the stern of the DCS will sit 0.87in. lower than the dock floats in the bow of
the DCS.
The dock floats in the bow and stern sit 85.4 inches apart from each other, therefore the angle
between the dock and the surface of the water, Ө, equals:
V.bc

sin Ө =bd.`

V.bc

Ө = sing#(

)

bd.`

Ө = 0.584 degrees
These calculations show that at the chosen locations, the supports that attach the
conveyor belt to the dock will evenly distribute the weight between the dock floats, and that dock
floats will only need to displace an average of 32.63% of their volume to float the debris
collection system. The wooden deck of the DCS will float at a 0.584-degree tilt. This minimal
angle shows that the conveyor belt dock will sit almost perfectly level in the water which
maximizes stability by reducing the chances that one side of the dock would sink before the
other.
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Percent Displacement Calculations for the Dock Floats on the Containment
System Dock
Dock float specifications:
- Dimensions: 24”x36”x16”
- Weight Capacity at 100% displacement: 442 lbs. / float

Displacement Percentage of the three dock floats located in the stern:
MN,hij

$`%.`d

(PQR. "(S("TUK (U #VV% XTYSZ("[\[LU )(# J^ XJ"_ ^ZJ(UY)

= (``$)($) = 0.2754 = 27.54 % displacement

Water level from the bottom of the dock floats on the containment system’s dock:
(0.2754) x (16) = 4.04 in.
Location of Dock Connectors to Eliminate Shear Forces Due to Differences in %
Displacements Between the Two Portions of Dock

Figure 52: Dock Connector Locations
The dock connectors are circled in red in the figure above. There are two connectors,
and each connector has two pieces: a female connection that is attached to the conveyor
system dock, and the male connection that is attached to the containment system dock. The
containment system dock will be connected to the conveyor system dock at the stern of the
conveyor system dock.
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-

-

The water level from the bottom of the dock floats on the stern of the conveyor system dock
was calculated to be:
5.66 in
The water level from the bottom of the dock floats on the containment system dock was
calculated to be:
4.04 in
5.66 - 4.04 = 1.62 in

Therefore, when attaching the dock hinges that connect the two portions of dock, the male
connections placed on the containment system dock will need to sit 1.62 inches lower than the
female connections on the conveyor system dock. This will eliminate all shear forces on the
dock connectors, while the DCS is floating in water.

6.4 Force and Torque Calculations on Conveyor
The conveyor needs to be able to overcome the force of friction from the weight of the
belt chain and the friction from an added load on the belt. Since there is no requirement
regarding a desired trash weight that the DCS needs to remove from the ocean 1lb of product
weight on top of the belt will be considered. Since the conveyor will be purchased used from a
second-hand equipment shop the actual weight of the belt chain is unknown. The chain is
Cleartrac Belt and Sprocket system from Ashworth and the opening size of the chain was
estimated to be around 4-5mm. A reasonable estimation for the chain weight is 1 lb./sq. Ft. The
friction coefficient between a steel belt mesh and steel bed on a wet surface is approximately
0.20. The pulley sprocket (the sprocket that meshes with the chain) pitch diameter 𝑃𝐷 = 2.6 𝑖𝑛

Figure 53: Conveyor Free Body Diagram
The belt tension T can be found by modeling the conveyor system as a block being
dragged up an incline with constant velocity. It is important to note that the conveyor needs to
be able to overcome the gravitational force of the weight on top of the belt (half the belt weight +
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product weight), as well as the force of sliding friction for that same weight. The chain weight on
the return side hangs mostly freely and does not experience a frictional sliding force.
The weight on the top side of the conveyor is given as half of the total chain weight + the
product weight:
𝑙𝑏
𝜋
1 𝑓𝑡
[10 𝑓𝑡 ⋅ 3.166 𝑓𝑡 + (2.6 𝑖𝑛 ⋅
)] + 1 𝑙𝑏 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 = 33 𝑙𝑏𝑠
$
𝑓𝑡
2
12 𝑖𝑛
The force needed to overcome the friction that this weight applies to the belt is found from:
𝑊 =1

𝜇 = 0.20
𝑁 = 𝑊 ⋅ 𝑐𝑜𝑠(𝜃)
𝐹 = 𝜇 ⋅ 𝑁 = 𝜇 ⋅ 𝑊 ⋅ 𝑐𝑜𝑠(𝜃)
𝐹 = (0.20) ⋅ 33 𝑙𝑏𝑠 ⋅ 𝑐𝑜𝑠(20°) = 6.2 𝑙𝑏𝑓
The total belt tension will need to overcome the gravitational pull of weight + the force of friction
that was calculated earlier:
𝑇 = 𝑊 ⋅ 𝑠𝑖𝑛(𝜃) + 𝐹 = 33 𝑙𝑏𝑠 ⋅ 𝑠𝑖𝑛(20) + 6.2 𝑙𝑏𝑠 = 17.486 𝑙𝑏𝑓
The torque on the pulley sprockets (where the belt mesh engages) is given by
𝜏G = 𝑇 ⋅

𝑃𝐷
2.6 𝑖𝑛
= 17.486 𝑙𝑏𝑓 ⋅
= 22.73 𝑙𝑏𝑓 ⋅ 𝑖𝑛
2
2

The conveyor will be partially submerged when it’s in service and will also need to
overcome the drag resistance on the “flights” when it is removing plastic from the ocean. Our
design has a maximum of four flights that will see underwater resistance at any given time. The
drag resistance on these flights can be modeled as drag on a flat plate.
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Figure 54: Fluid Drag Force on Baffles Free Body Diagram

𝐴Š‹M

1
𝐹† = 𝜌𝑢$ ⋅ 𝐶† ⋅ 𝐴Š‹M
2
𝑤ℎ𝑒𝑟𝑒
𝑙𝑏
𝜌E(U[Œ @ $V°Ž = 62.316 %
𝑓𝑡
𝑖𝑛
𝑓𝑡
𝑢 = 5 = 0.4167
𝑠
𝑠
𝐶† = 1.28 [4]
= 27.36 𝑖𝑛$ = 0.19 𝑓𝑡 $ (𝑜𝑛𝑒 𝑟𝑜𝑤 𝑜𝑓 𝑓𝑙𝑖𝑔ℎ𝑡𝑠)

𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑡ℎ𝑒 𝑓𝑜𝑟𝑐𝑒 𝑜𝑓 𝑑𝑟𝑎𝑔 𝑜𝑛 𝑜𝑛𝑒 𝑟𝑜𝑤 𝑜𝑓 𝑓𝑙𝑖𝑔ℎ𝑡𝑠:
1
𝑙𝑏
𝑓𝑡 $
𝐹†,YTL‘Z[ = (62.316 % ) ⋅ (0.4167
) ⋅ 1.28 ⋅ (0.19 𝑓𝑡 $ ) = 1.316 𝑙𝑏𝑓
2
𝑓𝑡
𝑠
𝑇ℎ𝑒 𝑓𝑜𝑟𝑐𝑒 𝑜𝑓 𝑑𝑟𝑎𝑔 𝑜𝑛 𝑎𝑙𝑙 𝑓𝑜𝑢𝑟 𝑟𝑜𝑤𝑠 𝑜𝑓 𝑓𝑙𝑖𝑔ℎ𝑡𝑠:
𝐹†,UJU(Z = 1.316 𝑙𝑏𝑓 ⋅ 4 𝑟𝑜𝑤𝑠 𝑜𝑓 𝑓𝑙𝑖𝑔ℎ𝑡𝑠 = 5.264 𝑙𝑏𝑓
𝑇ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑡𝑜𝑟𝑞𝑢𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑡𝑜 𝑜𝑣𝑒𝑟𝑐𝑜𝑚𝑒 𝑡ℎ𝑖𝑠 𝑑𝑟𝑎𝑔:
𝜏† = 𝐹†,UJU(Z ⋅ 𝑚𝑜𝑚𝑒𝑛𝑡 𝑎𝑟𝑚 = 5.264 𝑙𝑏𝑓 ⋅ 1.8 𝑖𝑛 = 9.475 𝑙𝑏𝑓 ⋅ 𝑖𝑛
𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒, 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑡𝑜𝑟𝑞𝑢𝑒 𝑡ℎ𝑎𝑡 𝑡ℎ𝑒 𝑝𝑢𝑙𝑙𝑒𝑦 𝑠𝑝𝑟𝑜𝑐𝑘𝑒𝑡𝑠 𝑠𝑒𝑒:
𝜏ZJ(X = 𝜏† + 𝜏G = 9.475 𝑙𝑏𝑓 ⋅ 𝑖𝑛 + 22.73 𝑙𝑏𝑓 ⋅ 𝑖𝑛 = 32.21 𝑙𝑏𝑓 ⋅ 𝑖𝑛
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Assuming the chain and sprocket system as 98% efficient, the torque that the motor will see
given our gear reduction is found as follows:
[1]

𝜏ZJ(X→˜ =

™šiš›œ
•ž ⋅[

𝑤ℎ𝑒𝑟𝑒 𝑁Œ = 𝑐ℎ𝑎𝑖𝑛 𝑎𝑛𝑑 𝑠𝑝𝑟𝑜𝑐𝑘𝑒𝑡 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 =
𝜏ZJ(X→˜ =

3.33 𝑖𝑛
= 0.582
5.72 𝑖𝑛

32.21 𝑙𝑏𝑓 ⋅ 𝑖𝑛
= 56.47 𝑙𝑏𝑓 ⋅ 𝑖𝑛
(0.582) ⋅ (0.98)

The above calculations signify the torque the motor will see at steady-state. The total
torque reflected to the motor needs to include the acceleration and inertial torques. This torque
is given by:
𝜏Ÿ = 𝐽UJU(Z ⋅ 𝛼
𝛼 is the angular acceleration of the system and is given by the equation:
𝛼=

𝜔
⋅ 2𝜋
𝑡

Where 𝜔is the angular velocity that the motor rotates at and 𝑡 is the acceleration time in
acceleration time is taken to be 5
𝛼=

ŒSY
Y

ŒSY
Y

. The

as the value will most likely change with testing.

𝜔
26 𝑟𝑝𝑚
𝑟𝑎𝑑
⋅ 2𝜋 =
⋅ 2𝜋 = 32.67 $
𝑟𝑝𝑠
𝑡
𝑠
5 𝑠

Assuming the motor runs at half of its no load speed of 52 rpm. 𝐽UJU(Z is the total mass moment of
inertia for the pulleys and the conveyor loads. The mass moment inertia for the motor and gears
are unknown and left out of this calculation
𝐽UJU(Z = 2 ⋅ 𝐽S£ZZ[K + 𝐽ZJ(X
To calculate the mass moment inertia for the two pulley shafts at the head and tail of the
conveyor the weight of each pulley is needed. Assuming the pulleys are 10 feet long with a
diameter of 1.25 inches and made out of steel:
𝜋
𝑊S£ZZ[K = 𝑉S£ZZ[K ⋅ 𝜌YU[[Z = ( (1.25 𝑖𝑛)$ ⋅ 120𝑖𝑛) ⋅ 0.28 𝑖𝑛% ) = 41.23 𝑙𝑏𝑠
4
The density of steel was found from Engineering Toolbox.
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𝑊S£ZZ[K 1.25 𝑖𝑛 $
𝐽S£ZZ[K = (
)(
) = 0.0417 𝑙𝑏𝑠 ⋅ 𝑖𝑛 ⋅ 𝑠 $
𝑔
2
TL

Where 𝑔 = 386 Y¥

𝑊ZJ(X 1.25 𝑖𝑛 $
65
1.25 𝑖𝑛 $
𝐽ZJ(X = (
)(
) =(
)(
) = 0.094 𝑙𝑏𝑠 ⋅ 𝑖𝑛 ⋅ 𝑠 $
𝑔⋅𝑒
2
386 ⋅ 0.7
2
𝑊ZJ(X is the weight of the entire belt (top and bottom side) + the product weight
𝑊 =1

𝑙𝑏
1 𝑓𝑡
[2 ⋅ (10 𝑓𝑡 ⋅ 3.166 𝑓𝑡) + 𝜋(2.6 𝑖𝑛 ⋅
)] + 1 𝑙𝑏 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 = 65 𝑙𝑏𝑠
$
𝑓𝑡
12 𝑖𝑛
Taking the motor efficiency as 70% efficient.

𝐽UJU(Z = 2 ⋅ 𝐽S£ZZ[K + 𝐽ZJ(X = 2 ⋅ 0.0417 𝑙𝑏𝑠 ⋅ 𝑖𝑛 ⋅ 𝑠 $ + 0.094 𝑙𝑏𝑠 ⋅ 𝑖𝑛 ⋅ 𝑠 $ = 0.1774𝑙𝑏𝑠 ⋅ 𝑖𝑛 ⋅ 𝑠 $
𝜏Ÿ = 𝐽UJU(Z ⋅ 𝛼 = (0.1774 𝑙𝑏𝑠 ⋅ 𝑖𝑛 ⋅ 𝑠 $ ) ⋅ 32.67

𝑟𝑎𝑑
= 5.79 𝑙𝑏𝑓 ⋅ 𝑖𝑛
𝑠$

Therefore, the total torque that the motor sees is found from:
𝜏UJU(Z = 𝜏Ÿ + 𝜏ZJ(X→˜ = 5.79 𝑙𝑏𝑓 ⋅ 𝑖𝑛 + 56.47 𝑙𝑏𝑓 ⋅ 𝑖𝑛 = 62.26 𝑙𝑏𝑓 ⋅ 𝑖𝑛
This is the peak torque that the motor will see.
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6.5 Sprocket and Chain Calculations

Figure 55: Chain and Sprocket System Free Body Diagram
Based on the desired RPM of the belt, the desired RPM for the drive gear is: 36.76 RPM
Since electrical DC motors operate at maximum efficiency at half the rated RPM, the RPM of
the motor gear is: 52/2= 26 RPM
Based on the pitch diameters of the motor gear and drive gear respectively, the given gear
reduction is:
5.72 𝑖𝑛 𝑣XŒT¦[ ‘[(Œ
=
3.33 𝑖𝑛
26 𝑅𝑃𝑀
𝑣XŒT¦[ ‘[(Œ = 44.66 𝑅𝑃𝑀
The factor of safety for the drive gear RPM is:
44.66 𝑅𝑃𝑀
𝐹=
= 1.22
36.76 𝑅𝑃𝑀
The drive gear will operate at approximately 44.66 RPM, slightly faster than what was required
& accounts for losses in efficiency from the motor
Chain Sizing
The space between the drive gear and the motor gear is 12 in.
Based on gear and sprocket design data taken from Rev Robotics, the sprocket chain length in
pitches is:
𝑁−𝑛 $
2𝐶 𝑁 + 𝑛 𝑃( 2𝜋 )
𝐿=
+
+
𝑃
2
𝐶
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Where P is the pitch of the chain, N is the number of teeth on the large sprocket, n is the
number of teeth on the small sprocket, and C is the center to center distance between the two
sprockets in inches.
70 + 40
2(12) 70 + 40 . 25( 2𝜋 )^2
𝐿=
+
+
= 157 𝑝𝑖𝑡𝑐ℎ𝑒𝑠
. 25
2
12
157 𝑝𝑖𝑡𝑐ℎ𝑒𝑠 𝑥

. 25 𝑖𝑛𝑐ℎ𝑒𝑠
= 39.25 𝑖𝑛𝑐ℎ𝑒𝑠 = 3.27 𝑓𝑒𝑒𝑡 𝑜𝑓 𝑠𝑝𝑟𝑜𝑐𝑘𝑒𝑡 𝑐ℎ𝑎𝑖𝑛
1 𝑝𝑖𝑡𝑐ℎ

Since 5 ft of sprocket chain was selected for procurement, the factor of safety for the sprocket
chain size is:
𝐹𝑆 =

5 𝑓𝑡 𝑜𝑓 𝑐ℎ𝑎𝑖𝑛
= 1.53
3.27 𝑓𝑡 𝑜𝑓 𝑐ℎ𝑎𝑖𝑛

7.0 Procurement
To further assist the manufacturing phase of this project, beginning in late January, The
Salty Crew has set 8 individual supplier proposed purchase dates. The 8 suppliers that will be
used are McMaster-Carr, Amazon, Windy Nation, Grainger, Express, Home Depot, IMS,
Machinery and Equipment Co., and Discount Dock Supply. The major milestone dates for
purchasing all material needed to begin assembly will be January 9th, January 21st, and
January 22nd. To combat procurement schedule slip, The Salty Crew performed thorough
research into the suppliers’ reputations as well as online reviews by consumers. The Salty Crew
reviewed each individual supplier’s lead time when setting the critical proposed purchase dates
to ensure manufacturing will begin by January 28th, the first week of the spring semester.
Table 20: Procurement Plan - Abbreviation Legend
Definition

Abbreviation

Lead Time

LT

Proposed Purchase Date

PPD

Theoretical Date Received

TDR

Actual Date Received

ADR

Order Confirmation Number

OCN
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Table 21: Procurement Plan - Conveying, Funneling, & Flotation
Subassemblies

Component

LT

PPD

TDR

ADR OCN

Manufacturer

Comments

Conveying System
Used
Conveyor Belt 2 1/21/2019 1/23/2019

Mechanical
Equipment

Replacement
Bearings

7 1/22/2019 1/29/2019

KMS Bearings

Drive Motor

7

1/9/2019 1/16/2019

Grainger

Drive Motor
Gear

2

1/9/2019 1/11/2019

McMaster-Carr

Baffles

1 1/22/2019 1/23/2019

IMS

Mounting
Hardware

1

1/9/2019 1/10/2019

McMaster-Carr

Fasteners

2

1/9/2019 1/11/2019

McMaster-Carr

Sheet Metal
for Boom
Arms

1 1/22/2019 1/23/2019

IMS

Wood

1 1/23/2019 1/24/2019

Home Depot

Support
Bracket

2

1/9/2019 1/11/2019

McMaster-Carr

Angle
Brackets

2

1/9/2019 1/11/2019

McMaster-Carr

Funneling System

Joist Brackets 1 1/22/2019 1/23/2019

Home Depot

Flotation System
2/5/2019

Discount Dock
Supply

Dock Floats

14 1/22/2019

Wood

1 1/22/2019 1/23/2019

Home Depot

Fasteners

2

McMaster-Carr

1/9/2019 1/11/2019

Metal Framing
Material
1 1/23/2019 1/24/2019

IMS
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Table 22: Procurement Plan - Containment, Power, & Sensors
Subassemblies Component

LT

PPD

TDR

ADR OCN Manufacturer Comments

Containment System
Bin

1

1/22/2019 1/23/2019

Home Depot

Plywood

1

1/22/2019 1/23/2019

Home Depot

Fasteners

2

1/9/2019 1/11/2019

McMaster-Carr

Actuator

7

1/9/2019 1/16/2019

Windy Nation

Hinges

2

1/9/2019 1/11/2019

McMaster-Carr

Sheet Metal

1

1/22/2019 1/23/2019

N/A

IMS

Flashlight

0

N/A

N/A

Wood

1

1/22/2019 1/23/2019

Eyebolt

2

1/9/2019 1/11/2019

McMaster-Carr

Brackets

2

1/9/2019 1/11/2019

McMaster-Carr

Owned by
team
member

Home Depot

Power System

Batteries

TBD TBD

TBD

TBD

Wire

1

1/22/2019 1/23/2019

Home Depot

Wire
Connectors

1

1/22/2019 1/23/2019

Home Depot

Shrink Wrap

1

1/22/2019 1/23/2019

Home Depot

Wire
Conduit

1

TBD

TBD

IMS

Cameras

0

N/A

N/A

N/A

Camera
Mounts

2

1/9/2019 1/11/2019

Express

Voltage
Monitor

2

1/9/2019 1/11/2019

Amazon

Variable
Speed
Controller

2

1/9/2019 1/11/2019

Amazon

Need more
assistance
from Devin
Coworker

Sensor System
Owned
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8.0 Manufacturing and Assembly
The Salty Crew broke down each Sub System into its individual components. From
there, each component was broken down into how it is going to be manufactured and
assembled. The Flotation System Frame is the center point of the DCS because every
subsystem is mounted to it. Branching out from there, are each of the Sub Systems and how
they are directly fastened to the flotation Frame. From there the components are split up within
each Sub System group and are highlighted in blue. Next, the components are shown
chronologically how they are going to be manufactured and assembled to one another (shown
in white). Once all of the components have been completely assembled, it will undergo a form,
fit, finish, and inspection of dimensions (highlighted in green) to ensure a high quality of
manufacturing and assembly processes.
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Figure 47: Manufacturing and Assembly Plan
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9.0 Top Issues
Issue #1: Used Conveyor Belt Must be Procured Quickly
If the proposed conveyor belt is purchased by an outside entity this will pose major
design, schedule, and budget changes. Failure to purchase the used conveyor belt poses a high
consequence, low likelihood risk.
Plan to Address Issue #1: A preliminary inspection of the used conveyor belt has been
conducted at the Machinery and Equipment Inc., Co. storage lot. Talks to purchase the belt
have proved successful with the sales representative. The Salty Crew has negotiated the price
of the conveyor belt down to $1,250 compared to the original $2,000 asking price due to the
current state of the belt. The team has set January 22nd, 2019 as the deadline to purchase and
receive the conveyor belt in preparation for ME490B which begins on January 28th, 2019
Issue #2: Schedule Slip
During ME490A, The Salty Crew experienced major schedule slip with respect to
engineering analysis due to an underestimation of the time required for design formulation.
During scheduling, more time should have been allocated to the overall design formulation
before assuming that analysis could begin on the subsystems.
Plan to Address Issue #2: Now that the design has been finalized, schedule slip with
respect to engineering analysis is not an ongoing issue barring that a redesign is not required.
Manufacturing will proceed based on the schedule laid out during the PMP phase. The
manufacturing schedule will be held as set deadlines to ensure that ample time is provided for
testing of each subsystem.
Issue #3: Space to Assemble the DCS
Due to the size of our DCS prototype there will not be ample space to fully manufacture
our project in the San Diego State University machine shop.
Plan to Address Issue #3: Unit manufacturing and sections of the assembly can be
manufactured in the SDSU machine shop, although the finalized product will be assembled in
our sponsor’s garage. This will incur transportation costs for the DCS as well as pose the
challenge of not having a full manufacturing setup available onsite. Scheduling time to work on
the DCS while it is located in our sponsor’s garage will be dependent on the sponsor’s schedule
and availability which may limit the time that is available for The Salty Crew to conduct work.
Issue #4: Very Thin Margin Between Expected Cost and Budget Ceiling
Upon creating the initial Bill of Materials with the conveyor belt priced at $2,000, there
was only a $86.60 cushion for budget overages. This poses a high consequence, medium
likelihood risk. If budget slip occurred this could force redesign of components and sourcing of
new suppliers.
Plan to Address Issue #4: The Salty Crew successfully negotiated the cost of the used
conveyor belt down to $1,250. Since negotiations were successful, the price of the belt
decreased to reflect the refurbishing required to restore the conveyor to optimal condition.
Currently the Bill of Materials includes the cost of all replacement components required to
restore the belt to optimal condition. This now provides an additional $750 cushion to the
budget. After adding additional components which were overlooked in the initial BOM, the
budget cushion now totals $667.11 or 13.3% of the total budget which is a comfortable margin.
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10.0 Knowledge Management
10.1 Lessons Learned
Since this was the first time that the team has been exposed to an industry style system
engineering project, there were several lessons learned from working with an industry sponsor
as well as with fellow engineering students.
Lesson #1: Clearly define project budget before project work begins
The Salty Crew learned this semester that budget is one of the most important factors in
any engineering project. There should always be a clearly defined budget before project work
begins. At the beginning of the semester the Salty Crew formed The Clear Blue Sea Club on
campus to apply for student success funding. The team made the wrongful assumption that this
funding would allow the team to have a large budget estimated around $18,000 total that would
allow for purchasing a high cost custom conveyor from industry leading suppliers. However, it
wasn’t until 2 weeks before the team’s critical design review that the team received Associated
Students’ decision to deny the team funding, which posed substantial issues for the team. The
team was then forced to design to the original budget of $5,000, which was roughly a third of the
expected design cost. This forced the team to conduct a major redesign to cost and drastically
change design strategies.
The budget change primarily altered the conveyor selection. Due to a overestimated
budget estimate, the team had been designing a modular plastic belt conveyor from Sparks
Belting, an industry leading manufacturer. The team spent a number of weeks researching the
company, gathering conveyor design data, and optimizing a conveyor design. The conveyor that
was designed costed roughly $6,000 for the conveyor system alone, which was grossly over the
new budget. Once the team received the decision from Associated Students, the custom
conveyor design became unfeasible, rendering weeks of work a waste of time. This all could
have been prevented had the team not assumed that it would receive funding from Associated
Students and had designed to the original budget of $5,000.
Lesson #2: Keep the design as simple as possible and always design to project requirements
The team learned this semester that when conducting trade studies and comparing
design alternatives, the simplest design that meets the project requirements is the often the
most favorable. This is best seen in the design of Ocean Oscar’s sensor system. The sensor
system requirements state that the system must identify jams, stop collection after the bin
reaches 90% capacity, and the containment bin must close within one hour of reaching 90%
capacity. When weighing design options, the team proposed several designs including one that
consisted of a network of feedback control sensors that would autonomously satisfy all of these
requirements. However, during a design meeting the team came to the conclusion that this
system does not need to function autonomously because autonomy is not stated within the
standalone DCS’ user requirements or engineering specifications. As a result, the team chose
to use a very simple design that utilizes a GoPro camera with a human operator as a sensor.
The GoPro camera is mounted on top of the collection bin and the user of the system will serve
to monitor the camera via an onshore mission control center. If the bin reaches 90% capacity,
the user will manually shut off the system and activate the bin closure mechanism. If the
conveyor experiences a jam, the human user will manually turn off the system, travel to the
DCS, unjam the system, and resume operation. Finally, since the user will be monitoring system
collection in real time via the live feed from the GoPro camera, the user will be notified promptly
of any repair or maintenance needed, thus maximizing the design’s reliability, which will be later
tested for a value of 90%. Moreover, the GoPro camera will be borrowed by the team from a
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friend, thereby not adding to the budget. In comparison to other options, the team found that this
was the best design because of its simplicity, reliability, and ability to satisfy the project
requirements.
Lesson #3: A great design strategy utilizes a mix of independent and team brainstorming
The Salty Crew has learned a great deal about design meetings and how to make the
best use of time and productivity. In the beginning of the semester the team would meet for
design meetings and would not use time effectively. Team members would disagree on designs
and the team would sometimes argue about ideas that were not within scope. However, this
changed when the team developed a brainstorming strategy that greatly improved design
meeting efficiency. The strategy began at the start of the meeting, where a general agenda and
overview of the meeting was quickly discussed and written on a whiteboard for everyone to see.
Next, the team would solely focus on one design topic; brainstorming silently alone for as long
as needed until each member was ready to share their idea with the group. From there the team
would listen to each member while they explained their idea and answer any questions that
another member might have had about their idea. After each team member had the chance to
explain their concept, each idea would be placed onto a design matrix where the team would
unanimously decide on criteria and the rating of each design. This was highly effective because
it tracked each step of the design process from individual brainstorming, to group brainstorming,
and eventually to team decision and justification of the decision. This minimized arguments,
forced the team to stay within the scope of the meeting, and allowed full representation of each
member of the team. This is the strategy that led to the design matrices shown in Appendix A
Conveyor Design & Supplier Alternatives Matrices of the report.
Lesson #4: Always research design alternatives before conducting engineering analysis
Due to the budget issue mentioned previously, the team had conducted engineering
analysis on the Sparks Belting conveyor selection. The conveyor system from Sparks was
analyzed before providing Clear Blue Sea with three alternative designs. The team neglected to
research alternative designs to present to Clear Blue Sea and wrongfully assumed that the
design would be favored by the sponsor. As a result of this misinterpretation, this action moved
the team into the red zone, meaning that the team was not functioning properly and was not
meeting the needs and requirements of the sponsor. In the weeks that followed, the team
moved to work out of the red zone and devised a Back to Green plan. In the Back to Green
plan, the team conducted research into high level three alternative designs for the conveyor and
presented them to Clear Blue Sea. This brought the team back to green before the critical
design review. A key takeaway was that the needs of the project sponsor should always be
prioritized over the team’s favorable solutions. In an industry setting, the sponsor company
needs alternative designs to properly make procurement decisions to ensure that they are
getting the highest quality product for their investment in the project.
Lesson #5: The buddy system is a good method for splitting up team work loads
As the team developed strategies to divide and conquer work, one of the methods that
proved the most useful was the buddy system. Early in the semester the team divided into sub
groups consisting of: Ryan and Jordan on the conveyor system, Devin and Will on both the
funneling and containment systems, Blake on the sensor system, and Timmy on the flotation
system. The team found that having one other person to work with on a specific section of the
project allowed team members to brainstorm with each other and tag-team daily tasks. Since
Blake and Timmy had a section to themselves, team members would often assist them using
the buddy system to double check one another’s work and analysis. This proved to be very
effective because many mistakes were caught and fixed before they accumulated. For example,
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when the buoyancy was calculated for the flotation subsystem, the calculation was completed
by Timmy and checked by Jordan. Together, they found a critical error in that the total weight
acting on the flotation system was estimated without including the weight of the wooden dock
material. As a result, this error was corrected to include the weight of the material which led to a
more accurate engineering analysis of the flotation system.
Lesson #6: Industrial product quotes can pose major schedule delays
One of the largest schedule delays occurred while researching industrial products for a
conveyor system. Since many industrial suppliers offer high end products that are specialized
and made to order for the customer, quotes are not readily available on a company website, and
a quote often requires a phone call and a lead time to generate a customized quote for the
customer. This was a critical factor when the team was pressed for time because the team was
forced to spend time waiting for suppliers to return a quote. In addition, supplier quotes often
depend on one representative from the company, and if that point of contact happens to be out
of town or on vacation, this can further offset the amount of time waiting for communication. This
situation occurred with the team’s point of contact for Sparks Belting, Don Price. Don gave the
team preliminary quote information, then left town for a number of days. In the meantime, the
team was transferred to another point of contact which caused unwanted delays in the quoting
process from Sparks Belting. As a result, a quote that was originally expected to have a one day
lead time was delayed a week. In the future, these types of schedule delays should always be
anticipated and accounted for in the project schedule and added to the project risk cube
accordingly.
.

10.2 Virtual Workspace
■ Email: Used as the main communication line between the sponsor and
the group.
■ Slack: Used as the main communication line between members of the
group.
https://join.slack.com/t/seniorprojectsdsu/shared_invite/enQtNDI0NTQzNTMx
MzQ1LTUwMDdmNzFlNDA4M2NjYTUyZDBlMGNjMzdhNDJhOTY2YjMyZjBmNjY1
ZWNmMTM4ODcwN2U5OWUzNzc5NWE0ZmQ

■ GrabCad: Used as a locker for all 3D models.
https://workbench.grabcad.com/workbench/projects/gc7PzxCz96pZXjZzAkIBcH
Smhz243FhsnzUj94w0WY00vI#/folder/5124245

■ Google Drive: Used as a locker for all documents/presentations.
https://drive.google.com/drive/folders/1L5ipnBeaQZzcSG4YBBL1Q8ZTDlsdM26
v?usp=sharing
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11.0 Summary
The Salty Crew has completed its first major phase of its mechanical engineering senior
design project, design. The team began by brainstorming alternative design methods for
capturing, collecting, and storing marine plastic debris for a standalone prototype Debris
Collection System. After analyzing the feasibility of each design concept using a high level
architecture design matrix, the team decided to move forward with the conveyor belt option. The
team decided upon the name Ocean Oscar for the standalone prototype, and defined the
prototype subsystems of the design as: the conveying system, containment system, funneling
system, flotation system, and power system. The team devised a brainstorming strategy that
included both individual and team level brainstorming to make a design decision for each
system component. The systems were then implemented into a system level diagram which
was updated accordingly as the project progressed through iterations of the design. The team
formed subgroups within the Salty Crew and conducted research into each sub-group’s
respective component. Each subgroup conducted its own trade study and presented it to the
team where a final design decision was made for each sub-group component. Each component
was first conceptually designed and then transmitted into a Solidworks model. The system
components were first modeled separately in Solidworks and then upon completion were
transferred into the master assembly of Ocean Oscar. Ocean Oscar was presented at the
preliminary design reviews held by the executive board of Clear Blue Sea and Dr. Shaffar
respectively. Following the preliminary design review, adjustments were made to the project
where necessary, and components that required redesign were dealt with using the
brainstorming and design methodologies previously mentioned. The final iteration of the design
was updated accordingly in the master assembly, which drove the development of a bill of
materials. The final design and bill of materials were presented at the critical design reviews
held by Clear Blue Sea and Dr. Shaffar respectively. Following the critical design reviews, all
aspects of the final design were outlined in this report. The Salty Crew has thus completed its
first of two phases of its senior design engineering project. The next phase of the project
consists of manufacturing the DCS and troubleshooting any issues that arise during testing. The
Salty Crew thanks Dr. Shaffar and Clear Blue Sea for the mentorship and guidance during the
project, and the crew looks forward to the next phase of the project.
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Appendices
Appendix A.) Conveying System Design & Supplier Alternatives Matrices
Conveying System
Design Alternatives
Criteria
Conveyor Belt

Rotating Drum

Sluice

If we purchase a conveyor
Sluice would have to be
belt it won't require additional To manufacture a cylinder to rotate watertight with integrated
Manufacturability manufacturing.
would be difficult
pumps to function
Conveyor belt mesh hole
sizing selection can be
Collection tailored to collect the smallest
Efficiency required plastics.

Rotating drum would have large
gaps in the rotating teeth that
wouldn't allow for trash collection
of small debris.

Sluice would be able to
collect trash but might not
be able to pick up
particularly heavy or long
pieces of debris.

Two bearings on either side of the
Bearing lubrication, sprocket rotating drum would require
Any leaks in the sluice
and belt wear, jams would all maintenance of the bearings at
would require difficult patch
Maintainability have to be maintained
those points
jobs
Conveyor belts are available A rotating drum could be made
Feasibility on the market
from purchased components
System is dangerous only if
safety precautions are not
Operator Safety followed

System is dangerous only
System is dangerous only if safety if safety precautions are
precautions are not followed
not followed

A conveyor belt would not
immediately injure the
animal, however the animal
getting caught in the storage Drum has "teeth" that could harm
Marine Life Safety bin is still a danger
marine life
More Components to the
Cost design means higher cost

If a marine animal got
caught in the sluice tube
and got stuck, the animal
could be harmed and the
motor damaged

Large pumps are costly, as
Fewer working components means well as high cost to make
lower cost
sluice watertight

Failure points at four bearing
supports, if these bearings
are not ocean compatible
they will seize up and not
Only failure points at the two
Reliability move
bearing supports
The power required to rotate
a conveyor belt through the
water would be dependent
Power upon the drag force on the
Consumption flights

A sluice would be
expensive and difficult to
maintain

The power to rotate a drum
through water would be dependent
upon the drag force of the "forks"
through the water

Pump becoming clogged
and burning out is certain,
as well as failure points at
any underwater connection

Water pumps to push
water up a sluice would
take a large amount of
power
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Frame of conveyor would
need to integrate with the
flotation, motor needs to
Ease of interface with the power
Integration system and sensors
~300-500 lbs. for a stainless
Weight steel framed belt

The motor would be situated close
to the water, which is dangerous
for the operator. Also in order to
have the rotating drum that close
to the water the supports would be
underwater, making it difficult to
waterproof as well as increasing
difficulty of maintenance

Many connecting
components mean many
points of failure and points
that require support. Large
pump motors are usually
AC which could not be run
with batteries and would
require onshore wall
outlets

~100 lbs. for a hollow steel drum

~200 lbs. for a sluice with
pump motor
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Conveying System - Conveyor Belts
Alternative Suppliers
Criteria

Bastian
Solutions
Portable
conveyor belt

Size (LxW) 9'x2.5'

Cost

Weedoo
Shoreline
Conveyor
Belt

14'x4'

Machinery
MK North
and
America
Equipment
KFM-P 2040
Co.

Flexible

Base cost
$12,000 with quoted
possibility of around
$4,312.95 negotiation $17,000

Not
Not intended Intended for intended for
for aquatic
aquatic
aquatic
Waterproof environment environment environment

Power 230V-3 Ph,
requirements 60 Hz

Weight 714 lbs.

5'x8''

$2,000

10'x18''

$2,004

Possibility of
outfitting
Intended for
with aquatic aquatic
components environment

Intended for
aquatic
environment

24V
rechargeable
battery

1/2 HP
208/230/460/ 1/2 HP–
575V 3 Ph.
115/230V 1
60 Hz.
Ph.60 Hz.

325 lbs.

Most likely
between
300 - 500
lbs

348 lbs.

Dependent
on size

Intended Use Commercial

Interested in
CBS mission
(Potential Not
Donation) interested

Was
interested
and is
currently a
supplier in a
similar
Not
industry
interested

Commercial

Max size
24in wide up
to 82 feet
long. 1in to
3in tall
cleats

Intended for
aquatic
environment

1/2HP to
1.5HP 208230/460V 3
Ph. 60 Hz

175 lbs.

Any

Any

Doesn't
matter

Doesn't
matter

Requires a
drive up to
San Dimas,
CA for
pickup
3-4 weeks

Dorner

Quote
submitted by
$2,586 RA on 11/23

Can be
powered
with any
motor and
chain drive
system

Aquatic
clean up

Lead Time 3-4 weeks

48" X 10'

Bastian Solutions

Meat, dairy,
food
handling

3-4 weeks
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Appendix B) Flotation/Framing System Design and Supplier Alternatives
Matrices
Flotation/Framing System
Design Alternatives
Criteria
Catamaran

Floating Dock / Barge

Buoyancy Restricted to max
Fully Adjustable (~1200
(approximate total buoyancy of Catamaran lbs.)
displacement in lbs.) (~500-800lbs)

Safety

Cost

Ease of Manufacture

Drum Barrels /
Pontoons

Fully Adjustable
(~1200lbs)

Less manufacturing
Requires manufacturing
required, requires frame
and assembly of
to mount DCS to prebuilt
deck/frame
catamaran

Requires
manufacturing and
assembly of
deck/frame

~$0-$1400 (dependent ~$800-$1400 (depending
on age, condition, and
on size, quality and
owners motivation to sell required buoyancy)

~$600-$1000
(depending on size,
quality and required
buoyancy)

Would only need to
attach a frame to hold
conveyor belt onto
vessel

Attaching round barrels
creates rotational
challenges trying to
secure the dock.

Would require a wooden
deck built on industrial
plastic floats, modular,
minimal equipment

Available online, but
would require research
Parts readily available in
to find model that fits
store, or online
weight, size and budget
Procurement Time requirements
Less flexibility for
Integration because
Can be integrated with
catamaran cross beams 100% freedom
cannot be moved

Parts readily available
in store, or online

Can be integrated with
100% freedom

Ease of Integration
Would require technology
that allows water to be
Functionality for Most closely represents propelled towards DCS for
testing future goals of CBS
testing

Would require
technology that allows
water to be propelled
towards DCS for
testing
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Flotation System - Flotation Devices
Alternative Suppliers
Criteria
55 Gallon Drum Barrels

Cost $64.10

Displacement 450lbs
Hard to mount/attach to
Ease of Integration frame

Permafloat

Eagle Float

$90

$90-100

440-520 lbs

540-570 lbs

Comes with mounting
attachments

Comes with mounting
attachments

Flotation System - Frames/Decks
Criteria

Wood

Cheap, but needs
Cost sealants/laminate
High density causes
Weight higher weight
Easy to manipulate but
would need to be sealed,
and degradation would
Manufacturability most likely still occur
Medium Strength. Wood
is a cost-effective option
and can be sealed for
"water resistant"
applications, but is not
the best for submerged
Durability applications

Metal

Plastic

More expensive

More expensive

High density causes higher
weight
Light
Easy to find in a variety of
sizes, and can be suited for
marine use fairly easily with
epoxy or an aquatic primer

Easy to find in a variety
of sizes, but plastic
degrades in the ocean
and in UV rays

Strongest material
properties as well as the
ability to maintain strength
in fully submerged
applications when properly
prepared with corrosion
resistance

Plastic degrades when
exposed to UV rays for
extended periods of
time
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Appendix C) Funneling System Design & Supplier Alternatives Matrices
Funneling System
Design Alternatives
Criteria
Motorized Channeling System

Increased complexity that adds more
Reliability points of failure.
Motion can draw smalls animals toward
Marine Life Safety conveyor.

Cost Addition of two more motors.

Non-Motorized Channeling System

No moving parts that add complexity
Limited harm to marine life due to no
additional moving parts
Relative low cost, only cost of
material that team has decided on.

Integration would be as simple as
hard mounting it to the frame using
Ease of Integration Adds more control systems for operation. angled brackets.
Parts will require more testing and
Ease of Manufacture integration.

Could use machine shop to cut
material to desired dimensions.

Procurement Time Lead time for parts will stretch schedule.

Procurement would be as easy as
buying material from home depot or
other suppliers for raw metal or
plastic.

Maintainability Maintenance of motors will increase.

As long as material selection is
waterproof and corrosion resistant,
little maintenance is required.

Would help increase our capture
Channeling efficiency by drawing more debris toward
Efficiency conveyor.
Fulfillment of
Requirements Capture efficiency would increase.

Channeling would perform best when
DCS is moving. For this project DCS
is stationary so hindering Channeling
Efficiency.
Fulfills requirement at satisfactory
level.
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Funneling System - Non-Motorized Boom Arms
Alternative Materials
Criteria
Plastic

Use in Water Waterproof

Manufacturability Easy to cut to size

Sheet Metal

Wood

Must be a corrosion
resistant metal

Would require
sealant/laminate

Easy to cut to size

Watersealing would
take time and be hard
to perfect
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Appendix D) Containment System Design & Supplier Alternatives Matrices
Containment System
Design Alternatives
Criteria
Bag w/ Cinch Top

Onboard Bin

The bag will require an
integrated closure system Provides design flexibility
which poses coding and
(ex. size, location) when
Ease of Integration mechanical challenges
integrating with DCS
Provides design flexibility
Fulfillment of with respect to debris
Requirements collection size

Offboard Bin

Will require a mechanical
connection to the flotation
system of the DCS

Provides design flexibility Provides design flexibility
with respect to collection
with respect to collection
and containment efficiency and containment efficiency

The storage capacity will
be limited to the weight
Would be difficult to judge considerations of the
Storage Capacity maximum capacity
integrated DCS

Capacity will be
independent of the
integrated DCS system

Cost of bag will be minimal Added material cost to
but closing mechanism
provide space for on-board Added Material to make
Cost could be costly
containment
bin float.
While the bin would be
The bag would be a COTS COTS, this will require a
Ease of Manufacture product
frame and attach points

This will require
manufacturing a
secondary flotation system

Flotation of off-board
containment will require
Only lead time required for Bin and frame components additional purchasing of
Procurement Time cinch bag
will be COTS
buoyancy components
Will not meet the overall
lifetime goal for the
Feasibility integrated DCS

Weight Very lightweight

Minimal challenges
integrating with DCS
system, and will meet all
design requirements

Challenges posed by
integrating with main DCS
flotation system

Affects total weight

Weight will be stored offboard minimizing overall
impact to integrated
system buoyancy

An on-board containment
High probability of tearing system provides easy
over the lifetime of the
maintenance, testing, and
Reliability DCS
improvements.

The off-board containment
system can be removed
for maintenance and
replace to minimize
downtime of integrated
DCS

92

Containment System - Onboard Bin
Design Alternatives
Criteria
Already Enclosed Bin

Belt directly feeds into
Ease of Integration enclosure.

Open Bin with Flap
Enclosure
Requires computerized
closing mechanism and
power source.

Open Bin with Sliding
Enclosure
Requires computerized
closing mechanism and
power source.

Will improve collection
efficiency since plastics
will not fly out due to wind,
Fulfillment of can close within the 1 hour Can close within the 1 hour Can close within the 1
Requirements limit
limit
hour limit

Storage Capacity No effect on capacity
Cost Requires framing
Ease of Manufacture Minimal testing required

No effect on capacity

May have interference with
tall captured plastics

Requires actuators to close Requires actuators to
flaps
close sliding lid
Testing required

Testing required

Framing is commercially
Procurement Time available

Actuators will demand lead Actuators will demand lead
time
time

Minimal points of failure,
simple frame
Feasibility manufacturing

Adding actuators creates Adding actuators creates
added points of failure and added points of failure and
requires additional testing requires additional testing

Material selection required Closure flaps will add
Weight to minimize weight
minimal weight

Sliding lid will add minimal
weight

Should have long lifetime Flap actuators could fail
Reliability with minimal maintenance meaning DCS downtime

Sliding actuator could fail
meaning DCS downtime
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Containment System - Onboard Bins
Alternative Suppliers
Criteria
Home Depot

Home Depot

Containment Volume 55 Gallon

Home Depot

38 Gallon

16 Gallon

Cost

$18.73

$17.97

$8.98

Weight Capacity (lb.)

200

125

20

Dimensions
(LxWxH)(in.) (45.43 X 21.13 X 19.52)

38.18 in. L x 22.03 in. W
x 15.51 in. H
(23.75 X 16.00 X 13.50)

Closing the Containment System - Linear Actuator
Alternative Suppliers

Criteria
Windy Nation
Length of Stroke (mm) 2 in
Cost

Ease of Integration

Actuator Zone
0.5-12in

$59.00

Eco-Worthy
4in

$70.00

$41.00

Includes mounting
brackets, No switch (less
than $5), May be harder
to integrate 3rd party
switch due to potentially
Brackets included, No Mounting Brackets,
not having an internal
Switch included
No switch
limit switch
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Appendix E) Sensor System Design & Supplier Alternatives Matrices
Sensor System
Design Alternatives
Criteria

Purchase all-in-one sensor
Purchase individual
package and tailor them to sensors that are the best
each task
fit for each task

Fulfillment of Sensors wouldn’t be the
Requirements most ideal for each

Buying sensors in bulk
Cost package could save cost
Procurement Time Lead times unknown

Each sensor would be
best fit for each task

Tasks would be monitored
on cameras, operated by
humans

Buying individual sensors Cameras can be expensive,
could cost more than
but we can borrow them
buying in bulk
from peers
Lead times unknown

Harder to get sensors that
aren’t most ideal for each
given task to work the way Each sensor would work
Ease of Integration we want it to
ideally for each task
Programming Would have to program
Difficulty sensor bank

Human/Sensor Combo

Would have to program
each sensor

Each individual sensor
There's a chance that there would work ideally for
isn't a bulk sensor package each task, but would be
that ideally works well for hard to
Feasibility our tasks
program/troubleshoot
Not as accurate due to not Accurate due to ideal
most ideal sensors being
sensors being used for
Accuracy used
each task

Cameras owned by peers

Each camera would work
ideally for each task
Minimal/None

Very feasible since humans
are sensors
Accurate due to humans
being able to see all
operations

Significant troubleshooting Significant troubleshooting Easy to test since humans
Ease of Testing required
required
are in control
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Sensor System - Containment Capacity Sensors
Design Alternatives
Criteria
Wireless-Ultrasonic
May require more
Ease of integration troubleshooting
Waterproof Not Waterproof
Cost Around $100
Only limitation is
Limitations troubleshooting and costs

Human/Camera

Photoelectric

Easy integration/minimal
troubleshooting

Requires
programing/troubleshooting

Waterproof

Not Waterproof

$100+, but can be
borrowed

Less than $100

Only limitation is cost, but
good potential in being
borrowed for free

does not work in daylight

Sensor System - Conveyor Jamming Avoidance Sensors
Design Alternatives

Criteria
Ultrasonic
May require more
Ease of integration troubleshooting
Waterproof Not Waterproof
Cost Around $100
Only limitation is
Limitations troubleshooting and costs

Human/Camera

Photoelectric

Easy integration/minimal
troubleshooting

Requires
programing/troubleshooting

Waterproof

Not Waterproof

$100+, but can be
borrowed

Less than $100

Only limitation is cost, but
good potential in being
borrowed for free

does not work in daylight

Sensor System - Wireless Waterproof Cameras
Alternative Suppliers
Criteria

GoPro Hero 4 (Can
Borrow from Peers)
Cost

Battery Life 1.5hrs
Range 200ft
Waterproof Fully

GoPro Session

$170-$200

Polaroid Cube
$150

$100

1.5hrs

1.5hrs

200ft

30ft

Partially

Water-Resistant/Waterproof
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Camera Mount
Criteria

Joby Suction Cup
Cost

Vivitar Pro Series

$19.99

Type of Mount Suction
Easy to adjust and has
most range of motion in
Adjustability 360 deg.

Gopro Suction Cup

$12.99

$28.98

Suction

Suction

Only range of motion in Yaxis.

Only range of motion in Yaxis.

Sensor System - Voltage/Amperage Monitor
Criteria

Amazon - DROK
$9.99 w/o shunt $17.98
Cost with shunt

Voltage/Amperage
Range 4.5-100V / 0-50A

Amazon - AiLi

Amazon - MICTUNING

$16 - $50 depending on
V/A range, includes shunt

$17.99 includes shunt

0-120V / 0-1000A

6.5-100V / 0-100A
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Appendix F) Power System Design & Supplier Alternatives Matrices

Power System
Design Alternatives
Criteria
On-board batteries

Hybrid Power System (Wall
power and onboard battery
power)

Most weight added but is
minimal in terms of overall
Weight system weight.
Weight factor is minimal.
Likely will cause most
complications as water
and electronics can be the Allows for high voltage
root cause for a system to power to be offboard and
Safety fail.
limits motor failures.

Offboard power supply (ie.
Wall outlet)

No additional weight increase
for powering components.

Allows us to power each
component individually from
correct power supplies.

Depends on which
Buying multiple batteries components are powered Buying will only be the cost of
and putting them in series by AC wall power and if an wires and connections. Cost
Cost will be most expensive.
inverter to DC is required
is least affected.
Will need outside help
from specialists for
breaking off voltages from With team’s knowledge, will
Ease of Manufacture central power supply.
be feasible.
Easy.
May result in waiting for
Procurement Time batteries to come in.
Easier to test in aquatic
environment since power
will be self-contained
Ease of Testing aboard

Light/minimal.

Minimal/none.

Testing will be tricky
because we will have
power coming from two
different sources.

Hardest to test in an aquatic
environment due to no
accessible plugs

The batteries will provide Manageable to accomplish
DC power to the DC
with voltage regulators and Hardest to translated to
Ease of Integration motor
resistors.
operational FRED.
Comparable to Real
FRED Easy.

Will not be similar to final
Could easily be converted version that clear Blue Sea is
to final FRED.
striving toward.
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Power System - Batteries
Alternative Suppliers
Criteria
YB30CL-B Scorpion

Output Voltage 12V DC
Amps 30 Amp/hr
Waterproof Yes
Weight 13.9 lb.
Cost

YT16CL Scorpion

Champion Marine Battery

12V DC

12V DC

19 Amp/hr

500CCA

Yes

Yes

15.0 lb.

39.0 lb.

$79.95

$84.95

$63.74

Alternative Suppliers
Criteria
Amazon - SenMod
Cost
Voltage/Amperage
Range 10V-55V / 60A

Amazon - UCTRONICS

$27

Amazon - Sydien

$16
10-50V / 40A

$20
10-55V / 40A

99

Appendix G) Invoice to Purchase Used Conveyor Belt
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