2020 SeaPerch Technical
Design Report



Technical Report Overview

* Purpose of the paper is to describe your ROV and the modifications you made
relative to the stock kit.

e Technical report should not discuss building of the stock SeaPerch model,
although it can discuss performance of the stock ROV.

* 5 page limit

* Seven Sections

Abstract (1/2 page)

Task Overview (1/2 page)

Design Approach (2 pages)
Experimental Results (1 page)
Reflection & Next Steps (1 page)
Acknowledgements (no page limit)
References (no page limit)

* Two Appendices
* Appendix A: Budget
* Appendix B: Fact Sheet



Abstract (1/2 page) - 8 points

e Section goals
 Summary of the main points of paper.
e Describe your unique SeaPerch design.
* Explain your use of engineering design process.

e Scoring benchmarks
* Must be % page or less. (2 points)
* Includes a clear overview of the report. (2 points)
* Robust discussion of unique design and/or process. (4 points)



Example Abstract

This year’s SeaPerch competition involved an Obstacle Course and a Challenge course, as
described in Reference (1). We began by asking ourselves what features would be most important to
getting high scores on these courses. Based on our experience with SeaPerch last year, we believed the
most important vehicle feature for the Obstacle Course was speed, so we considered designs that
minimized weight and drag to meet this goal. The Challenge Course was more complicated than the
Obstacle Course and required us to pick up objects and move them to an elevated scoring platform ten
feet away. This required greater maneuverability so that we could precisely pick up and place objects,
possibly at the expense of speed. The stock ROV kit does not include any parts that can be used to pick
items up, so we also needed to design something to move the items.

Since this was our second SeaPerch season, we had specific scoring goals for each course that
we hoped to attain. Last year our best Obstacle Course time was 46.5 seconds and we wanted to
improve upon this, with the goal of breaking 40 seconds. Last year we completed the Challenge Course,
but could not get the maximum time bonus. With a more compact frame and more practice, our goal
was to get the maximum amount of points in under 5 minutes, for a score of 23 points.

During the season, we experimented with three primary ROV (remotely operated vehicle)
design iterations. One of those ROV frames was designed to be adjustable and included several
variations with the tradeoff of speed vs. stability. Each ROV was subjected to three in-pool tests to
measure performance. Our first design was fast, but too difficult to control, and our second design over-
compensated from the first and was very stable, but slow. Our third design was clearly superior in both
the Obstacle Course and Challenge course, as the results in Section 4 demonstrate. By the end of our last
practice, we had met our goals for both courses, and hope to improve on those results between now and
the competition.



Task Overview (1/2 page) - 10 points

e Section goals

* Use your own words to describe what your ROV will do while
completing the obstacle and mission courses.

* Discuss the features of these tasks that affected the design
changes you made relative to the stock ROV.

* Scoring benchmarks
* Must be % page or less. (2 points)
* Detailed discussion of all tasks for both courses. (4 points)
* Robust, detailed discussion of design justification. (4 points)



Example Task Overview

There are two aspects to this year's SeaPerch Challenge. The first is an obstacle course. For the obstacle
course, our ROV needs to maneuver through a series of five submerged hoops oriented at different angles, surface
after passing through the fifth hoop, and then retrace the path heading back toward the pool wall. We get two
attempts to complete the obstacle course and our effectiveness is judged based on speed of completion. There are
penalties if the ROV cable gets tangled on the hoops

The second challenge involves transporting rings, cubes, and rods from a staging platform to a scoring
platform. There are three of each item type, or nine items to transport in total. Our ROV is only allowed to
transport one item at a time between the two platforms, which are submerged about 20 inches below the water
surface and ten feet apart. The scoring platform has two levels, a lower level with a safety rim to prevent items
from falling off and an upper level without the rim. We receive two points for each item placed on the more
challenging upper level and one point for each item placed on the lower platform. The time limit for completing the
event is fifteen minutes. If all items are placed in less than fifteen minutes, one bonus point is awarded for every
two minutes below the fifteen-minute limit, to a maximum of five bonus points if completion time is less than five
minutes. If an item is dropped to the pool floor, it remains in play and our ROV can retrieve it and place it on the
scoring platform. There is a two-minute penalty if we need assistance from a diver.

Since the obstacle course is simple compared to the challenge course, the majority of our design
modifications were aimed at improving the ROV’s ability to complete the challenge course. We needed to attach
something to the ROV frame to allow it to pick up and transport the nine items. Since the cubes have hollow
interiors and the rings and rods both have nylon loops, it seemed like a hook or rod would be a good tool moving the
nine items. To improve speed for both the obstacle and challenge courses, we removed the netting from the stock
SeaPerch kit and explored more compact frame designs to reduce drag.



Design Approach (2 pages) - 25 points

e Section goals

* Describe your team’s approach to developing a novel ROV design.

* Could discuss specific components, collections of components, or even team approaches to the
process.

* Focus on creative aspects and how your team conceived of, refined, and implemented these ideas.
* How were different prospective ideas considered among the team?
* Include engineering and scientific terms and concepts.

* Scoring benchmarks

* Must be 2 page or less. (2 points)

Robust discussion of team’s strategy to EDP. (4 points)

Robust discussion and analysis of design iterations. (4 points)

High-quality graphics with labels that enhance text. (4 points)

Robust discussion of final design features and decisions. (4 points)

Strong discussion and analysis of novelty of ROV design and/or approach. (4 points)

Includes 5+ engineering terms embedded in text that enhance the section. (3 points)



Example Design Approach (Part 1) e

As discussed in Section 2, our main challenge was to modify our ROV so that it could '
efficiently pick up the nine challenge objects and transport them to the scoring platform. The cubes -
present an additional challenge because their weight adjusts the center of mass of the ROV, greatly Ko & O
changing the way that it navigates through the water. Since time is a factor for both the obstacle | 3
and challenge course, we also considered ways to increase speed and reduce drag.

We wanted a design with a higher maximum velocity compared to last year, so our initial Figue2i it RO created
idea was to start with the smallest frame possible, which is basically equivalent to one of the S8
challenge cubes with motors attached. A sketch of the side view of this design is shown in Figure 1
and Figure 2 shows what the ROV looked like after we constructed it. Our thought was that a small
frame would maximize velocity for the challenge course and be nimble yet controllable for the
obstacle course. We placed the turning motors outside the ROV frame to provide maneuverability
and the vertical thrust motor through the center of the frame. We thought this was an aggressive
approach for a first design, but that since we got an early start, we would still have time to go in a
different direction if things did not work as expected.

Initially the ROV was very negatively buoyant (Reference (2)), but we were able to fix this » N
issue by adding pipe insulation around the vertical thruster, which is not shown in Figure 2. Pipe < \
insulation was used instead of pool noodles because we felt that it gave us more control over the o fj N A,
positioning and amount of buoyancy added. After fixing the buoyancy, the ROV was functional, but \,\, Y5 /
drove in loops and was uncontrollable. We tried several adjustments, but could not find a way to fix haas \ r_/_/
o

this because the motors produced too much thrust relative to the frame size. As a team, we V2
decided that our best option was to modify this design to improve our ability to control the ROV.

Our second design focused on the ability to control the ROV, possibly at the expense of
speed. To cut down on weight and reduce drag, we constructed this vehicle out of CPVC, rather
than PVC. %” CPVC pipe has an outer diameter of 0.625” as compared to 0.840” for PVC pipe and
CPVC also has thinner walls than PVC pipe.




Example Design Approach (Part 2) SRR —

Together, these factors mean that a CPVC frame is much lighter than a PVC frame of the same
scale. For example, we weighed a CPVC elbow connector and it was 10 grams, but a PVC elbow connector
was 21 grams.

A sketch of our second design is shown in Figure 3 and Figure 4 shows the constructed ROV. This
design had a long, U-shaped hull with turning motors at the back and buoyancy placed near the front of the
vehicle. To offset the buoyancy, the vertical thruster is placed near the front of the ROV. As the figure shows,
this frame is much larger than our first design, but we made several sets of CPVC pipe sections with different

pipe lengths so that we could experiment with how frame size affected performance when testing in the pool. Figure 6: Motor attachment design

As we will discuss more in Section 4, this design achieved our goal of improving stability and control, but even
with the smallest set of CPVC pipe sections, we felt that the ROV was too slow to meet our goals.
For our third design, we wanted to keep the stability of the second design, but increase speed. We
sketched a narrower CPVC frame with the turning thrusters placed closer to the center of mass, as shown in
Figure 5. For the previous design with the turning thrusters near the back, the ROV turned downward when
trying to move forward. auonss
We also designed a motor attachment system that allowed us to adjust the angle of our motors, as :;Su:":f’r”:a; 7 Mook ¢
the sketch in Figure 6 shows. This allows us to adjust the angles of the thrusters more easily while testing the ¢ metet _.LJ’) Pyt

ROV in the pool. Figure 7 shows the constructed version of our third design. Buoyancy was placed along the i
top CPVC sections above the turning motors and at the back of the ROV to offset the weight of the vertical E re g
thruster.

For all of our designs, we used a simple hook to transport the cubes, rings, and rods, as shown in
Figure 5 and Figure 7. Early on, we found that a simple 2” loop made from a coat hanger with a slight upturn
at the front could easily pick up all obstacle types, maintain control of them while transporting them to the
scoring platforms, and release them where we wanted. Given the effectiveness and simplicity of this hook
design, we focused our efforts on improving our frame and practicing driving the ROVs, rather than working
on hook design.

As we will discuss in Section 4, the 3" design met our goals and further designs were not created.




Experimental Results (1 page) - 14 points

* Section goals
* Describe various tests accomplished to evaluate how well ROV functions.
 What were your results in these tests?
* How did these tests impact your team’s subsequent design(s)?

* Include images, charts, and figures as appropriate to demonstrate your
results.

* Scoring benchmarks
* Must be 1 page or less. (2 points)
* Discussion and analysis of testing models utilized. (4 points)
* Discussion and analysis of testing for multiple design iterations. (4 points)
» Analysis of test results supported by graphs and/or charts. (4 points)



Example Experimental Results (Part 1)

We used a series of in-pool tests to judge how well each ROV design worked. The simplest test was a 25-yard
sprint to test velocity. For each of the three designs, we measured how quickly we could travel 25 yards submerged just
below the water surface three times. Results for this test are shown in Table 1, with times reported in seconds. As
discussed in Section 3, Design #1 was difficult to control, so even though the top speed was fast, motion was not in a
straight line. Because of this, times were long and variable. Design #2 shows times for frames using short, medium, and
long sections of CPVC pipe. When using the long CPVC sections shown in Figure 4 the ROV was slow, but it was much
guicker when using shorter pipe sections for the frame. Design #3 had a smaller and more hydrodynamic frame
compared to Design #2 and was the quickest design by a wide margin. Both Design #2 and #3 had consistent times for
their three runs.

On a night when we had access to a SeaPerch Obstacle and Challenge course, we measured the time it took
each ROV to complete the Obstacle Course and Challenge Course three times. Before measuring times, we practiced on
each course with each ROV. Practically, Design #1 was too difficult to control to complete either course, so times for this
design are labeled “N/A”. For Design #2, we only tested the “Short CPVC” version on the courses because the other two
versions were too slow in the speed test.

Table 1: ROV tumes for sprint test
Run#1 | Run#2 | Run #3

7 Table 3: ROV results for Challenge Course
' ' Yo
g::iz qu, 26.35 34.7s 43.2s Table 2: ROV times for Obstacle Course RunZl | RunZ2 | Run #3
L one - 37.8s 36.7s 30.3 . Rm} #1 Run_ #2 Rnn_ #3 Desien #1 N/A N/A N/A
Designh 0 Design #1 N/A N/A N/A Desion 42 15:00 15:00 15:00
Medium 31.5s | 30.6s 32.2 Design #2 | 94.0s 85.6s | 92.5s =T7C 1 17pts | 15pts | 16pts
CORST Design #3 53.4s 47 .65 49 15 . 8:32 7:15 7:44
Design #2 4
Short 252s | 26.7s | 24.8s Design #3 dpts | 20pts | 2ipts

Design #3 15.2s 13.3s 14.4s




Example Experimental Results (text)

With Design #2 and #3 we were able to complete both courses. With Design #2 we could place all
nine items, but could not get all items on the more difficult top platform within the 15-minute time limit.
Design #2 was easier to control compared to Design #3, but Design #3 was so much faster and more agile
that it easily outperformed Design #2. On the Obstacle Course, Design #3 was almost twice as fast as Design
#2 and on the Challenge Course, Design #3 consistently got all items on the top platform in about 8 minutes.

Based on these results, we selected Design #3 as our competition ROV and spent our remaining
SeaPerch time practicing on the courses to improve our times. Table 4 shows a log of our Obstacle Course
times at each pool practice. Over six practice sessions, we reduced our average time from about 48 seconds
to just under 40 seconds. Table 5 shows a log of our Challenge Course results at each pool practice. Over six
practices we reduced our runtime by four minutes and met our goal of a 23-point run.

Table 5: Log of Challenge Course Results
9:12 7:15 7:08

Table 4: Log of Obstacle Course Times

. . . March 13
Date Fun#1 | Run#2 | Run #3 21pts 20pts 2lpts
March 13 | 48.7s | 46.9s March 20 f;f
March 20 | 47.5s | 44.5s | 43.2s T eF
. . March 27 - '
March 27 43.5s 44 Og 22pts 2pts
April 3 42.5s . 6:36 6:43 5:27
. April 3
April 10 30.2s 40.65 22pts 20pts 22pts
April 17 41.3s 37.8s 30.3s ; 5:38 4:34
£ April 10 22pts 23pts
. 4:57 4:22 4:49
April 17 23pts | 23pts | 23pts




Reflection & Next Steps (1 page) - 10 points

 Section goals
* Reflect on this season’s experience.
 What did you learn?
* What did you enjoy and what was challenging?

* How do you think that your new knowledge or experience will assist you in
future endeavors?

* Include a discussion of next steps for the team and/or the team’s ROV.
* Could be planned or imaginary future SeaPerch plans or general educational plans.

* Scoring benchmarks
* Must be 1 page or less. (2 points)
* Thoughtful reflection and analysis of the design process. (4 points)
* Robust overview of future plans for ROV and team. (4 points)



Example Reflections & Next Steps (Part 1)

This year we put more effort into SeaPerch and learned more than we did last year. Last year
much of our time was spent building the stock SeaPerch model and learning how to drive it. The
modifications that we made were small relative to the stock model. Having that experience, we were
able to start this year knowing how ROVs handle underwater and had a better understanding of what
modifications would be worthwhile, so we were able to experiment with ROV designs that were very
different than the stock SeaPerch ROV. Last year we learned that reducing ROV size improved speed and
we took this to the extreme with our first design, but it taught us that having a stable model that is easy
to control is as important as top speed. It would have been interesting to spend more time with our first
design to see if there was a way to improve its maneuverability without going to a larger ROV design. If
we compete again next year, we would like to spend more time with the Design #1 concept to see if we
can make a similar frame that is controllable.

Our second design introduced us to working with CPVC. The CPVC reduced the frame weight of
the ROV more than in half and also reduced drag. For Design #2, we thought these features of the CPVC
would allow us to use a larger, more stable frame, while maintaining a high top velocity, but this turned
out to be incorrect. The switch to CPVC gave us more options for design and this was our most fun
model to experiment with since it had an adjustable frame size. Although the second frame design was
not successful, CPVC played an important role in the success of Design #3. Design #3 took the concept of
the minimalist design, but enlarged it slightly to improve stability. The small frame combined with the
use of CPVC resulted in a fast, maneuverable ROV.



Example Reflections & Next Steps (Part 2)

There are several ideas that we were not able to experiment with this year that we would like to
explore if we compete again next year. This year we considered the idea of designing 3D printed
propeller shrouds, but we couldn’t because we didn’t have access to a 3D printer. Our school is installing
a few 3D printers this Spring and several of our team members are taking a 3D printing class next fall.
The option of including 3D printed parts opens up many new options for designing lightweight,
hydrodynamic frames. We have also seen other teams use propeller shrouds to gain more thrust from
the motors and we would like to use the 3D printer to experiment with propeller shrouding designs.
Section 9.6 of Reference (3) discusses the different characteristics of a propeller. For the past two years,
we have used the propellers in the stock SeaPerch kit, but we would like to test other propeller designs.

Beyond SeaPerch, we gained experience working closely with a team for a long period of time.
Sometimes members wanted to do things differently and it wasn’t always easy deciding what decision to
make. The technical writing skills involved with writing this report is an area that will be important in
college and in the real world. Some team members have written technical reports in school, but we
needed to rely on online resources, such as Reference (4), because this isn’t an area where we get much
practice in school. We also learned how to apply the engineering design process and how to solve
problems in general. These skills will help us in the future whether we choose to pursue a career in
engineering or take another path.



Acknowledgements (no page limit) — 2 points

* Acknowledge those who have supported your efforts.
e Technical advice
* mentors, teachers, ect.
* Equipment
* Bettis tools and supplies, parents for modifications
* Facilities
* School lab room, pool access

* Monetary contributions
* Bettis for kits, parents, teammates, others



Example Acknowledgements

We would like to thank:

Our teacher, Mr. Fletcher for facilitating our team.

Our engineer mentor, Mrs. Andrews for meeting with us weekly to discuss our
progress, explain the engineering design process, and give pointers on how to
write a technical report.

The school for providing us a SeaPerch kit and after school access to the Tech
Shop.

Our parents for getting us to practices and supporting our efforts.



References (no page limit) — 5 points

* Section goals
* Must use American Psychological Association (APA) style guide.
e Use in-text citations, where appropriate.

* Scoring benchmarks
* Follows APA format. (2 points)

* At least 4 references that are cited in the report text. (3 points)
* References must be cited in the report text!
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Appendix A: Budget (required) — 2 points

* Include all modification components included in your final SeaPerch
design.
* This does not include parts in the stock SeaPerch kit.
* This only includes parts used in your final design.
* Includes parts from the Bettis Modification Bags.

* Reflects the total materials cost of your ROV and must be under $25.



Example Budget

Component Vendor How was component used? | Cost (in USD)
1/2-in X 5-ft CPVC pipe | Lowes Frame structure $2.17
5 — 1/2-1in dia 90-Degree | Lowes Frame joints $1.65 (80.33/each)
Elbow CPVC Fittings
7—1/2-1n dia Tee Lowes Frame joints $2.45 (50.35/each)
CPVC Fittings
1 — Wire coal hanger Recycled Hook ~$0.10
16 pipe insulation Lowes Buoyancy $0.22

Total Cost of SeaPerch Components | $6.59




Appendix B: Fact Sheet (required) — 6 points

* Team Name and location, school represented and teacher name.

e Roster with first names and grades of students on your team.

* Image of SeaPerch design and team photo.

* Competition Class (Middle School Stock Class, High School Stock Class)

* Number of years your team has participated in the SeaPerch program.

* Complete the statement “Our SeaPerch is unique because...” (50 words)
* Complete statement “Our biggest takeaway this season is...” (50 words)
* Provide a SeaPerch design overview. (100 words)

 Name(s) and organizational affiliation(s) of mentor(s).

* Scoring benchmarks
e Submitted in required format. (2 points)
* Hi-resolution images and content clearly supports report. ( 4 points)



Example Fact Sheet

* A Microsoft Word template for
this Fact Sheet will be provided
by Pittsburgh SeaPerch and
must be used.

SeaPerch Image

Team Name

Borf

School/Organization represented
Springfield High School

City, State, Country
Springfield, MA, United States

Competition Class
High School Stock Clazs

Years participating in SeaPerch:

[2%]

Times as the International SeaPerch Challenge:
2

Our SeaPerch is unigue because: we constructed our frame out of lightweight CPVC pipe, used
adjustable motor mounts to allow fine tuning of thrust, found an alternative to pool noodles that
provided more control over buoyancy, and came up with a simple, but effective hook design.

Our biggest takeaway this season is: that we gained experience working closely with a team and
rezolving conflicts. We planned to create a very compact ROV, but learned that the frame needs
features to provide stability. In the end. our small frame combined with the use of CPVC resulted in a
fazt, maneuverabhle ROV,

SeaPerch design overview: We made our frame out of narrow CPVC pipe and placed the tuming
thrusters close to the center of mass. Our motor attachment system allowed us to adjust the angle of
our motors so that we could adjust the angles of the thrusters more easily while testing the ROV in the
pool. Buoyaney was placed along the top CPVC sections above the turning motors and at the back of
the EOV to offset the weight of the vertical thruster. A simple hook made from a wire coat hanger was
used to transport the cubes, rings, and rods.

Team Members:
Liza, 9% prade
Janine, 99 grade
Nelson, 11% grade
Becloy, 0% grade
Ralph, 9% zrade

Teacher Name:
Eevin Fletcher

Mentor(s):
Sandy Andrews, Orichalcum, Ine.




Writing Skills — 8 points

* Organization
* Good organization of discussion within each section. (2 points)

* Readability

* Concise and cohesive report that is easy to understand and
supported by text and graphics. (4 points)

* Spelling and Grammar
* No spelling or grammatical errors. (2 points)



Paper Format — 10 points

* 5 page limit.
* Excludes References, Acknowledgements, and Appendices.
* 8.5 x 11 in. page size.
* Margins 2 0.8 in.
* Font: Times New Roman 12pt.
* Single Spaced.
* Footer on every page including team name and page number.
e Submitted in pdf format.

Automatically a zero for this section if any of these
requirements are violated.



