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1. ABSTRACT
This Technical Design Report highlights the Engineering Design Process (EDP) Team Kraken used to
create the Kraken Remotely Operated Vehicle (ROV) and the successful design features. This report will
review the challenge course, obstacle course, new mini course tasks and how they influenced the team’s
engineering design approach. Analysis of experimental results included in the report demonstrate how
detailed testing was used to decide on the final design. Additionally, the report describes the team’s
reflection of the SeaPerch journey to this point and future plans for the Team Kraken ROV design and
team members. The Kraken ROV is extremely unique and stands out in the SeaPerch community because
of the following design features:

e Modular Frame Vehicle (MFV): The frame is 3D designed and manufactured as multiple parts.
This enables easy interchange of frame parts for design improvements or rapid repairs.

* Adjustable Buoyancy/Trim: Test tubes, travel bottles, and 3D printed buoyancy caps that can be
interchanged are used to adjust buoyancy between positive, negative, or neutral. The buoyancy
bottles also move easily forward or backwards to adjust the ROVs trim (Bowditch N. 2002). This
enables quick adjustments based on the complex tasks the course contains.

e Ultralight Design: The frame is 3D printed and weighs 1.12 ounces to provide maximum thrust to
mass ratio (Wing, Charlie, 2004, 2007) for peak ROV speed. The frame itself is also buoyant.

* Gripper: The ROV gripper is used to lock mines or trash in place to prevent dropping items.
Innovative Parts: The ROV forklift used for the beacon tasks is reversable to shorten the ROV and
make it more maneuverable through the obstacle course. The servo and other parts can also be stored
onboard the ROV to reduce drag.

e Brightly Colored: A variety of bright colors are used on the ROV to easily identify components and
orientation underwater.

2. TASK OVERVIEW

The pool challenge consists of four tasks. By following the EDP, Team Kraken is able to successfully

navigate the challenges in the time limits required to achieve maximum points on all tasks.

e Challenge Course Beacon- Requires turning arming device to deactivate the mine or remove the
arming device for full points. 3D printed forks are designed and manufactured with a curved recess
to cradle the beacon.

e Challenge Course Vault- Requires turning a lever arm to open a vault to reach the sunken
trash/mines. Later, a mine is placed on the same lever arm to allow returning the vault to the closed
position. The fork discussed above turns the vault well and does not require any redesign.

e Challenge Course Sunken Trash/Mines- Requires the ROV to pick up and transport bottles, balls,
and a can, drop them through the vault and onto the platform below. The fork was redesigned to sit
on the bottom of the platform to easily scoop up the sunken items. Because items on the fork would
fall off, the gripper is designed to lock items in place.

e Challenge Course Floating Trash- Requires moving trash under or over a floating ring. This was
the toughest design challenge Team Kraken experienced. Originally the gripper was used to hold the
items while the horizontal motors pulled the trash under the ring. This worked well with the full
challenge course because it maintained control of the items during transport to the pool deck. When
the mini course was released, a bulldozer attachment was added to push the items over the ring,
therefore increasing speed for the task.

e Obstacle Course (Removed 2021)- Requires diving, surfacing, and travelling through five vertical
and horizontal hoops in the least time possible. Team Kraken’s enhanced hydrodynamics (Lucas J.,
2014), motor improvements, and ultra-light frame resulted in an obstacle course run of 26 seconds.
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3. DESIGN APPROACH
Team Kraken consistently approaches the EDP with detailed

techniques focused on innovation for each design iteration. ’ e \
ASK

ASK- The first step of the EDP is to survey tasks and ask what
improvements are needed to complete the course most efficiently. Elﬂ . ) ’
Team Kraken identifies the following questions with each design o Engme.ermg

iteration: How can the ROV’s speed be maximized? How can Design -
buoyancy (OpenStax College, 2013) be adjusted for different Process

situations? How can items be lifted and transported?

IMAGINE-Team Kraken brainstorms ways to solve the *
questions from the first stage of the EDP with these priorities: _
1) Improve attachments for the challenge course. CREATE PLAN

2) Reduce frame size and drag (Wing, Charlie, 2004, 2007).
3) Increase motor Revolutions Per Minute (RPMs) (Kemp, Peter, 2005).
PLAN- Team Kraken creates a plan for each design feature imagined. The plans include drawings,
materials, building techniques and testing methods.
CREATE- After planning the improvements, Team Kraken transitions into a building/testing phase for
each iteration. The team tests each improvement so informed design decisions can be made.
IMPROVE- Test results for design iterations are analyzed and final decisions are made. Sometimes this
involves considering design tradeoffs such as the additional capability of grabbing and locking sunken
items vs the additional weight added to the ROV.
KRAKEN 1.0- The standard SeaPerch frame was built to establish a baseline. Because the frame was
so stable, Team Kraken decided to base the next design on it but make it smaller.
Pros: Very stable and easy to drive. ~ Cons: Slow, sluggish maneuverability (Moore S.W., 2010).
Frame Weight: 16.24 oz. Speed: 1.20 FT/SEC
KRAKEN 2.0- Mirrored the SeaPerch frame but built using Chlorinated Poly Vinyl Chloride (CPVC)
and Cross-Linked Polyethylene (PEX) pipe to reduce frame size. This design verified that speed
increases as size and weight are reduced. It was stable and maneuverable, but the team decided to
redesign to test how improving hydrodynamics (Lucas J., 2014) effects ROV performance.

Pros: Easy to navigate hoops course. Cons: Dives slowly.
Frame Weight: 8.18 oz. Speed: 1.34 FT/SEC
KRAKEN 3.0- Built with a pointed front, this design iteration
validated that improved hydrodynamics increases speed. However,
the ROV was hard to control when diving and surfacing. The team
believed the control issue was based on motor location and center

of buoyancy so the ROV was redesigned to adjust these factors.

Pros: Increased speed Cons: Difficult to control

Frame Weight: 5.46 oz. Speed: 1.66 FT/SEC
KRAKEN 4.0- Shortened the ROV frame and moved the vertical
motor forward. This design justified that reducing size and drag
increases speed and motor location affects ROV control. Most
importantly, this iteration identified a need to redesign with lighter
materials to improve ROV performance.

Pros: Increased stability and maneuverability.

Cons: Overall performance limited by material.

Frame Weight: 4.5 oz. Speed: 1.76 FT/SEC

Fig. 1 - EDP Diagram

Kraken — page 2




TECHNICAL DESIGN REPORT: Kraken ROV > S€3perch

KRAKEN 5.0- 3D printed the ROV frame to reduce ROV weight.

Pros: Increased stability (Wing, Charlie, 2004, 2007).

Cons: Long build/print times.

Frame Weight: 3 oz. Speed: 1.82 FT/SEC
This design showed symmetry improved ROV stability and control
(Wing, Charlie, 2004, 2007). 3D printing provided flexibility, but
the six-hour print times caused delays with redesigns or repairs.
KRAKEN 6.0- A 3-part frame design to reduce 3D print times.

Pros: Increased speed, quick 3D printing times.

Cons: Difficult to see, weak frame strength.

Frame Weight: 1.70 oz. Speed: 2.04 FT/SEC
This design was called the Modular Frame Vehicle (MFV) because
it is made of small interchangeable parts. This feature reduced print
time by more than 50% for repairs. The ROV performed well but
when the servo gripper was added, it reduced hydrodynamics.
KRAKEN 7.0- A single bottle MFV designed to reduce drag.

Pros: Increased speed, improved lifting power.

Cons: Slower turning, poor stability on the surface.

Frame Weight: 1.34 oz. Speed: 2.20 FT/SEC
The buoyancy attachment was changed from two bottles to one,
which reduced drag. The vertical motor was also inverted to face
down, which provided more thrust to pick up items and reduced
surface ripple. Although the ROV was fast and could complete the =
challenges, it was redesigned to improve ROV stability and control. S0 Ryaken 10
KRAKEN 8.0 (FINAL DESIGN)- A three small bottle MFV design with the servo behind the vertical
motor to further improve lifting capability and hydrodynamics.

Pros: Stable ROV, stowable servo. Cons: Time consuming to stow servo.

Frame Weight: 1.12 oz. Speed: 2.78 FT/SEC
FINAL DESIGN DISCUSSION/FEATURES The new frame allows the servo to be stowed behind
the vertical motor to reduce drag for the obstacle course. Adding a servo gripper was the most difficult
design feature on the ROV. Despite the added weight (1.95 oz.) and drag on the ROV, the increased
capability provided makes it necessary. Additionally, having the servo control from the pool deck with
the line tender improves Team Kraken’s poolside teamwork and communication. All the improvements
combine to make Team Kraken’s most innovative ROV. Additional unique features include:

Adjustable Buoyancy
Enables quick change of %‘;L'{,’fézse{u‘f‘ctﬁﬁm?f
ROV pitch/buoyancy. of floating trash.

Upgraded Waterproofing
3D printed cap and resin
sealing prolongs motor life.

Servo Gripper
Ensures sunken items
are not dropped.
Improved Motors
Doubled motor wires
reduce cable resistance
and increase motor RPMs.

Bottom Forks
Easily scoops beacon
and sunken trash.
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4. EXPERIMENTAL RESULTS
Speed Test: For Team Kraken
the most important ROV design i SOFT POOL SPEED TEST -
factor is speed. The team

conducts in-water testing of
each ROV with three runs of 50
feet for each ROV design. Then
the team calculates each ROVs
speed in FT/SEC. Figure 9
demonstrates as the ROV
size/weight is reduced, thrust to 13

mass ratio and ROV speed 10
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Fig. 9 — 50FT Pool Speed Test

RPM Test: RPMs establish a good measure of motor performance and the
team uses a digital tachometer to measure RPMs of motors. Team
Kraken’s observations include:

e Higher battery voltage produces higher RPMs. The team standard is to 7 ‘@
test and only use batteries above 13 Volts.
e RPMs range from 10,500 to 11,600 on new motors. Having right and : =E 3 1.

left motors with equal RPMs help the ROV drive straight.
e Decreasing electrical resistance increases current (Moore S.W., 2010) »
to the motor. Team Kraken utilizes solid CAT 5 wire instead of
stranded, doubles up CAT 5 wires from the RJ-45 connector to the
positive motor terminals and reduces cable length from 50ft to 15ft.
These modifications, on average, reduce resistance from 1.8 Ohms to ;
0.8 Ohms and increase RPMs from 11,500 to 12,400. 2
Drag Test: With a dedicated focus on improving hydrodynamics, the team £7%8- 10 - Digital Tachometer
tests ROV drag. After completing a drag test (Moore S.W., 2010) using spring scales for ROV design
iterations the team confirms that forward surface area on the ROV directly affects ROV drag and
correlates to ROV speed. Utilizing the EDP Team Kraken creates thinner ROV designs, reduces use of
zip ties, and curves forward facing surface areas on all design reiterations. Additionally, to further
evaluate the effect of drag compared to ROV speed, the team measures forward-facing surface area. The
standard SeaPerch ROV is 179.7cm? and the final design Kraken 8 is 55.1cm?. Overall surface area was
reduced by 69.4% and speed increased by 131.6%. As surface area drag is reduced, speed increases.
However, motor improvements on design iterations make it impossible to calculate an accurate ratio of
drag vs speed increase.
Prop Test: A 50-foot pool speed test of propellors is conducted to analyze performance of various
propellers. Testing includes the standard SeaPerch, 3 bladed, 4 bladed, and 3D printed propellers. Testing
evaluation demonstrates the standard SeaPerch propeller provides maximum speed.
Functionality Test: To verify ROV functionality a full mockup of the challenge course including the
beacon, floating trash, sunken trash, and mines is used. The course provides the ability to test the gripper,
forks, and redesign as necessary to improve the ROVs ability to complete all tasks.
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5. REFLECTION AND NEXT STEPS

The EDP steps below are key to the innovations applied to the Kraken ROV:

e Ask- First, the course was built and tested with each ROV. This enables the team to take note of all
the requirements that each design is not meeting. Once the team identifies imperfections, the
following questions are raised: How can ROV speed be improved? How can motor performance be
increased? How are challenges navigated?

e Imagine- When imagining and brainstorming, Team Kraken’s coaches challenged them to use
different materials and to not rule out any idea until it was attempted. This led to innovations in 3D
design, motor improvements, and the creation of the Kraken gripper.

e Plan- The team had to research and plan for materials, timelines, and new innovations. This EDP
step helps the team be more prepared.

e Create- Building and constructing each ROV and its parts is the most time-consuming step. This
step led to creation of the MFV which decreases the ROV manufacturing, repairs, and redesign time.

e Improve- According to Team Kraken, the most important part of the EDP is to improve. Eight
different ROV design iterations were constructed and each time the team assessed how they worked
and ways they could be improved. Each design iteration went through additional adjustments for its
attachments.

In the end, the EDP led Team Kraken to success in previous years and continues to help as they push

towards their goals.

Teams Future Plans:

e Team Kraken’s members will be going to high school next year. The team hopes they can come
together and compete in the 2022 International SeaPerch competition open class.

e Research RoboSub and SeaMate and possibly compete in the nearby regionals.

e Return to Mayport Middle School club to teach everything the team has learned to new 6" graders
and club members so the Kraken legacy can continue.

ROV Future Plans:

e Team Kraken built a capable open class ROV.
One of the biggest problems is how big the
controller is, which makes it difficult to hold. In
the future, plans are to 3D print a controller that
is easier to hold and operate. They intend to try
different types of controllers by printing circuit
boards and/or coding an Arduino microcontroller
so0 joysticks can be used to control the ROV.

e Continue working on open class ROV
innovations including adding a camera, because
one of the biggest challenges Team Kraken faced
is identifying the ROVs proximity to objects
prior to picking them up.

e Team Kraken plans to continue to improve the ROV’s speed to get under 20 seconds on the obstacle
course by adding an additional booster motor.

Lessons Learned: Team Kraken learned many valuable lessons and it has been a lot of hard work. The

most valuable lesson learned is that failure is the best teacher. An untimely propellor detachment during

2019 internationals taught them that failures happen but true engineers can reduce them. Most

importantly, failing to reach their goal at the last Internationals taught them that ROVs can always be

improved, and success comes with hard work.

Fig. 11 - Open Class 4 Motor ROV
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APPENDIX A: Budget
Component Vendor How was component | Cost
used? (in
USD)
3D Printed Frame N/A Frame $1.60
(32 Grams)
3D Buoyancy Bottle Caps N/A Buoyancy/ $0.30
(2-3 Grams Each) Hydrodynamics
3D Motor Caps Front N/A Motor Waterproofing | $0.20
(2-2 Grams Each) and Hydrodynamics
3D Motor Shaft Caps Rear N/A Motor Waterproofing | $0.15
(3-1 Gram Each)
3D Bottom Fork N/A ROV Accessory $0.60
(12 Grams)
3D Top Gripper Forks N/A Servo Gripper $0.60
(2-6 Grams Each)
3D Bulldozer Attachments N/A Servo Gripper $0.80
(2-8 Grams Each)
3D Cable Floats N/A Cable Buoyancy $0.90
(3-6 Grams Each)
3D Frame Buoyancy Block N/A Frame Buoyancy $0.25
(1-5 Grams Each)
Battery Case Holder (1) I Omar‘i‘m)Aﬁzsash 4% L5V AA Batiery Power to Servo $3.00
Case Holder Leads Black w Cap 2Pcs: Home Audio &
Theater
Additional CAT 5 Cabling  AMAZON Doubling Power to $0.74
- Solid (ISFT - 1.5% used) | “"UT5'Cas bull Netwerk Wie (Unshisied (0P~ | Motors
Orange): Computers & Accessories
Servo MG 995R (1) , ALIBABA Drive Servo Gripper | $1.97
High Speed Torque Servos Digital Towerpro Mg996r
Mg996 Mg995 Metal Gear Servo For Futaba Jr Rc Model
Helicopter Boat Car - Buy Mg996r Servo,Mg996r Mg995
Metal Gear Servo.Towerpro Mg995 Digital Metal Gear
Servo Product on Alibaba.com
Servo Controller (1) EBAY Operate Servo $4.28
DC 5V-9V Dual Servo Motor Drive Module Controller for f ’
SG90/MG995/MGI96 Robot | eBay Gripper
: AMAZON
Batteries AA. (4) Amazon.com: Amazon Basics 100 Pack AAA High- Fover $0.96
Performance Alkaline Batteries. 10-Year Shelf Life, Easy | S€rvo/Controller
to Open Value Pack: Health & Personal Care
4-40 Nuts and Screws VIGRUE 540PCS #imfo%iz Phillips Pan Head Grippe.r and Frame $0.21
(12 pes) Screws Bolt Nut Flat Washers 304 Stainless Steel Machine | Attaching
Screws Assortment Kit with Wrench and Storage Case (#2-
56#4-40#6-32): Amazon.com: Industrial & Scientific
6x32 Screw 17 (1) AMAZON Gripper Attaching $0.10

Amazon.com: #6-32 x 1" Truss Head Phillips Machine
Screws, Full Thread, 18-8 Stainless Steel, Quantity 100:
Home Improvement
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6x32 3 Inch Threaded
Rod” (1)

AMAZON
Amazon.com: The Hillman Group 44812 #6-32 x 3"
Threaded Rods. 15 Pieces: Home Improvement

6X32 Nuts (5)

Servo-Gripper
Attaching

$0.42

AMAZON

Amazon.com: The Hillman Group 140015 Hex Machine
Screw Nut. 6-Inch by 32-Inch, 100-Pack: Home
Improvement

Test Tubes (2)

Gripper Crossbar and
Attaching

$0.30

AMAZON
DEPEPE 30pcs 50ml Clear Flat Plastic Test Tubes with
Screw Caps: Amazon.com: Industrial & Scientific

2 Ounce Plastic Bottle (2)

ROV Buoyancy

$0.56

AMAZON
Amazon.com : 0.50z Mini Clear Plastic Empty Bottle with
Flip Cap Small Travel Bottles Storage Containers Jars for

Cosmetic Sample Lotion Shower Gel Emulsion Toiletries -
BPA-free - Set of 24 : Beauty

Plastic Dropper Bottle (1)

ROV Buoyancy

$1.16

AMAZON

Amazon.com: Plastic Dropper Bottles and Funnels for DIY
Crafts and Art (36-Pack): Home Improvement

Packing Seal (5% used)

ROV Buoyancy

$0.28

AMAZON

Palmetto 1347AF Series Synthetic with PTFE & Lube
Compression Packing Seal, White, 3/8" Square. 10' Length:
Rope Seals: Amazon.com: Industrial & Scientific

Marine Grease (2% used)

Motor Shaft Sealing

$0.25

AMAZON
Amazon.com : Quicksilver 8M0071838 High Performance
Multi-Purpose Extreme NLGI 2 Marine Grease, 8-Ounce
Tube : Boating Equipment : Sports & Outdoors

Expandable Sheathing
(15FT, 15% used)

Motor Shaft Sealing

$0.19

AMAZON

Amazon.com: AdlerSpeed 30m (100FT) 6.5mm
Expandable Wire Cable Sleeving Sheathing Braided Loom
Tubing Black: Automotive

Heat Shrink (12 pcs, 2%
used)

Cable Wrapping

$1.41

AMAZON
560PCS Heat Shrink Tubing. Sevensun 2:1 Dual Wall
Adhesive Heat Shrink Tubes Wire Wrap, Waterproof and
Insulated Electrical Wire Heat Shrink Tube Kit with Box(5
colors/12 Sizes): Amazon.com: Industrial & Scientific

SLA Resin (5% used)

Waterproofing
Terminals

$0.18

AMAZON
ELEGOOQ 3D Printer Rapid Resin, 405nm LCD UV-Curing
Resin Standard Photopolymer Resin for LCD 3D Printing
Translucent 500G: Amazon.com: Industrial & Scientific

Fishing Line (2% used)

Waterproofing

$0.72

AMAZON

https://www.amazon.com/South-Bend-Monofilament-
Fishing-
Line/dp/BO00FSJZLW/ref=sr_1_10%crid=KNJ8OMO01UC9
Né&dchild=1&keywords=fishing+line&qid=1619293750&s
prefix=fishing+line%2Caps%2C184&sr=8-10

Gripper Crossing

$0.10

TOTAL COST OF SEAPERCH COMPONENTS

$22.53
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School or club name: Mayport Coastal Sciences Middle School

City, State: Jacksonwville, Florida

Team name: Team Kraken

ROV name: Kraken

- Seaperch 2020-21
Engineering Notebook

ARPENDIY (- PAGLE)




TEAM INFORMATION PAGE

ADVISOR NAME: Mr. Christopher Shanklin
ADVISOR CONTACT: scpkshanklin@gmail.com
(224) 381-4310
TEAM NAME: Kraken
TEAM PARTICIPANTS: Kara, 8" Grade
Tamia, 8 Grade
Tessa, 8™ Grade
SCHOOL.: Mayport Coastal Sciences Middle
School
SCHOOL DISTRICT: Duval County, Florida

o — 9’ -
v -.A 4
ol O .

ER L e -

e A -
> - - .

-

e
- “

.
' ‘.’ o b e

el P, o




TABLE OF CONTENTS

ACTIVITY

PAGE 1 COVER PAGE

PAGE 2 TEAM INFORMATION PAGE
PAGE 3 TABLE OF CONTENTS
PAGE 4 ENGINEERING DESIGN PROCESS
PAGE 5 DESIGN TERMS

PAGE 6 DESIGN TERMS

PAGE 7 TAIL OF THE KRAKEN
PAGE 8 KRAKEN POWER

PAGE 9 WHAT A DRAG

PAGE 10 KRAKEN EYE

PAGE 11 KRAKEN FINS

PAGE 12 PROPELLOR TESTING
PAGE 13 KRAKEN CURRENT

PAGE 14 MOTOR LESSONS

PAGE 15 HYDRAULICS

PAGE 16 GRIPPER

PAGE 17 PROTOTYPE - KRAKEN 1.0
PAGE 18 PROTOTYPE - KRAKEN 2.0
PAGE 19 PROTOTYPE - KRAKEN 3.0
PAGE 20 PROTOTYPE - KRAKEN 4.0
PAGE 21 PROTOTYPE - KRAKEN 5.0
PAGE 22 PROTOTYPE - KRAKEN 6.0
PAGE 23 PROTOTYPE - KRAKEN 7.0
PAGE 24 KRAKEN FINAL DESIGN




Eﬂﬁ neeyvy r\j De%‘gn P\‘oCeSS

Novembee 7, 2o\8

e 0 a lS Bege n%c;(‘M - Dc\)e,\oe
‘ | Possible UC)|UC\'\QV\S.
1. 0pStaCle Couste < U Sec-ﬂ

i i Chal‘Cn‘je Cousrse < L mSn. Per video

W| 2 Wn Reg.ov\als Twtecnationats J

U, Have fun YWY (Hoot a Blost)

leSJr. o flno( E\(a(qA-(»°n3

\ka IDQ_Snﬁg_Qb ded‘\ Ves

= Tobes 1.Decrease RoUS S:ze o Tnccedse Hheust
= DeSign Teers 4o 35S (atio.
P = Phole Lape (S
m- Kealen 2. Decrease dcaa oo the R0V to Spcrease

Conclusion s?eed

3.844 3 fol +o ROV Cabable of Pfd(fn:s
up Fems.

4. Tnccease Wotor Pesformance.

q



'D'gé% Y\Tex mS Noveribe ¢ 1#, 2015

‘Buad:iar_j The A0Sttt Yo Qoat, Upwacd Socce exected
acca%im{jj.;, . it bj

T\’\M The W2 in wniey, & Sh? froats on the w,gi'e( i
(e,\'\'\'.(’;n ‘o i‘l'g ¥0'€Ce_ dod Q¢+ I‘ne.

:The 365 ‘f'j Cf 4 S\rf() 1o Yetuxn Yo da U()\‘.S‘f\\'
pOSC'hOY\.

%M?mf_cs‘: Movemends OFf \?e‘/ufd)s Acouvdl bodfes Tmmersed
n thew. ,

o 5\'2«99fﬂ
Seafecc v [

Theust: To (sth Ox oﬂmt qu?c}(\ﬂ anX 1Ce<c«u€ud\5.

LopulSion: Tue ek OF Progelling usfne Sorce OF
&c_J(°v§ Corces, veet 3 3

Veloc ‘\'q Rate 2 Whien n Object woves.

S¥The QAngle of 183+ 1) the degree to wnfon 2
Ue s el I(an? or -HHS to eHhec (ot ox S'}a(bcélftﬁ
(otten Caused b,j Uneven \cziic()fn\cJ o1 Q\OGJ-‘an

E._&L The Gorward Movement O€ 3 bogt s pelles
“Ough One Com?le-i'e, Yevolutfon MeaSased ™ n
‘nCh

=



‘Desfjv;rexms i

Ballast: The Sea Water Carried by 4 Ship S men
P ba\\as+ wited RQanast watec 95s cgrr.e&

VesSel §n “S banast faks o ensSye ey +eim A 3‘?3\07\“3
Andl %{'\“(,LCI'u‘(‘QJ ur}efjﬁ‘\‘j

Maneue cabslity: Perrormance 2iiky of Ships feldted Ship
Motion due Yo %’re,e,ﬁvxso

Avc,hfme&eS

Pacspal: The u‘zwg\”& b““Jg“J' focce that §3 exexted
on a \:)c,é1 \mmerSe,oQ L Q Cluiedy Whnether ~full
o3 Qaﬂ e equal to the we-3h+ of

the " Fluid¥ gt “g boc&d d‘SPlaceS.
M-&aﬂoluﬁom Pec Mfacte.




—

How Can the ROV
Cable be lf htee and
Yose  VEsible?

Ta‘l’ Or -HWC. lw Décerpec 1§,
:

A Cable Photo W Cogld Yeplace the
Gc ?qznm Lhite Cover with
the S5t black Shesthing.

We Can :rn(xouc We Steiped of¢ the

\0‘3 USIn '”"*b“ Yubpes and Fedd the

G Shegths wires v the
Buoﬁam‘ dnd dces:%e-P v Biac K Shea'fh‘f%

Gu{rng L l

We objecved that the

black Shething Was mose TS |

Mdnuecable a8k Visible. e SAIEGIEH)
Black Sheatwing

Rised on the Sncressed
Clexsbiis (? Qad Ursakelst

We decided +o WS
te blacK ex f\aﬁd
mfnj.




KKQY\ ‘:BON e. Y December 7, R
How do e
et Move Powser

3+o e i '

o LoS\ Ceplacs

e AGatoc clipVisit,
Yerpnndl, eads Produce
Mote Powe ¥ the Matocs

'y

e W USe & TaChometey 1o

WSl mvc%ﬁfc test RPMs o€ 4 notec
Moce wzrjs +o With ._,C\'.‘,ps Avd legds
Powex t& the mo-tors. (

L 4.¢

TQS"'C w.‘fh Cl"
and VeSS Pmdu(.ed
The Same RPMs.

A\J(hous\w Here wWas no d¥eCexence
h RPMS from e Alodoc Qips
Qod the terwmingl \eads we
decsded) to USe Ywe Mgator
Cl5pS because 'H.,ej ‘D'fc‘\ly

bette,

& —




! l 3‘,’ a | ’Y' 3 Jiaﬂua‘:j_s, 2019
Te we Made the Share o
e Ous qules Move \rxzi&codﬂnam C ,
: h)ou\cQ 4 Tncrease Gud Syeedp \
?

A

we S"'\C:u.(& e
dsCecent Matecials
dnd Sh&pes 4o busid
hs&y nanc batile

Caps. '

We Adve teStn We. uSe,&_ Cocl avd
30 PcSrting Sold 0 Yeiadfne +o mMgke

ballas’i tahis. . m \ooHte;.cspi Yo ‘balast +anks.

The £12Y botHe ca pS
CveHecl dfag Bth ‘Hwe Coc
ol 3D Cap¥ Cut ‘\\»\“wa\ﬂ
the wates.

RaRRS:

T
T e end e decided
3 N ‘\'C» USe ’30 bo-‘-t‘e CQPS ;\‘;'4‘7}1'."‘;'.,,.,.f=;’r,J.
O \ecause S TS e @ ;

hjdrc,d(jngmfc o




YaKen

Would 4 Cave<a vuke 54
eaviee to Pick wp Hens
" the Challenge Coourse!

We Should 3tach

a Caved +o our
Yook Yhat Ceanects +o,

3 Xreen for the dsiver
* Lok 4.

We Ire TesSexchin L We Purchssed 4
d Non -Wiss Ko "oo‘g Camerd fcom Arm’chcn
Cable. Apd Aested §+ i dud

oud of the Wateg,

The endoscope Lame(;a;‘('-;;b.l' ' jd and,
to Shovt. Also, the Video +aje WS low YeSoledion
e the \ldeo LAercJ) -

IAcallen Cémcé:lu&ﬁonf

We Cﬁccfoc'ecQ to Yict uwse the Cmiexd
because + («Jeﬂ‘; oy oul bt«e(je"'-
O




VAKC“ R Y\S Eb¢,ijj, %l

CHow coo (e
ampfo(le Segfit“fch Y”do’(s — ,
Yor viove KPMs and less

dlrag?

Wé Sheuld get (ide
the Xl Canitecs,
Wax, Qo Yeplace wi
hot glue, 0-Yngs,

91\&330 l’r.°1r1+e<>€s WMeto
CQ‘)S. '

We Wakex ?(co’?ed? Wt
Wt qlue ) tape L
P O(‘-Vj-rfn' fczwﬁ +h
Shaf+ dnd Pdced the
Motocs i Metox Caps

i

We will investagafe
S to mero -

the Mofer CapS
hﬁdxod‘ymmfc&

o —— e -

X PLOGTLY

Motor 7212,550
Mo"’o( 3: 12, 675

We dectded o use the otor
Céps because ‘H‘lej incgeased QPM

Pececvidnee Lieve b at, andd
deceaged draj. uc:j 2 1_‘[




PmPene;resﬂ g

Weuld vy

Numbex o6¢ % Ze OF *he

?fope,}(ecs Incyedse oux

= Speed! ) e—
P Ao ot Tocked B ditiock: We Shoutd 2dd

Moce blades 1o
oul Yo ellexs

Il 3le Hhem

b? 33 es.

X]

&

We Could 4v

GJe Q\umﬂ Pro S
Using Cotarte—- os Vavious S‘Ze,s
Toﬂﬂ:é% Pt‘c S Wi g\r\d gt\.&pes.
d SeaPeren Shape.

POOL TEST (30FEET)

40

30
20 i
10 . ‘ .
0 l' ! o

SEAPERCH  STACKED SMALL MEDIUM  HIGH PITCH 3D PRINTED

-

(‘ SECONDS

(2BLADE) SEAPERCH  PROPS PROPS PROPS PROPS
PROP (3BLADE)  (3BLADE) (3 BLADE) (3 BLADE)
(4BLADE)

IRUN1 MRUN2 ®wRUN3 ©AVG

Seapemh ko(;s ’m&ne& ou+ to be Hie besd
S well  ContSnue ‘|'012(-LS€ thewn unk Il We €ind bettec frops.



”% C(L\Terd' Aol 24, 2619
\“\cw Can we

Peeduce. ywore QW(S ol @
‘ From +he potocs Lith ’rhe?
A \ited (2 gt b&H'er(«]

f

We Coulck § INcxeqse
the Cable thicknes
+° "H’le/ h’ﬁ{br"{efmﬂg

+o \"g&abe, Vet Ancs
Al movedse, Cuseven

+o the. Potfon

~~~~~~~

The Cedluced CesSsHnce (Je Cgoddéél Up
irpresed RIMs, So we, The Cat 5 Cavle o it Ox
‘nuestSodte Vows 4o dble

the positie terrangls dn
the. negdtive 4exmm<3| 3 texerndbed 4he CaF¢ 5 Cole
Feb 5t 59 Fhe

B Ccmnecfor. a“d KI-45 Cownector s’
d Spave Cble jlot heam&
‘—

(.9)6 (L%Qd g‘{'adfﬂwxe‘i'ﬁf
+C> fest RO of 3 new rotorg

y\j dentoal b3+fer3 Uo|+336,—

LS :: \w l\“mbv ik

CABLE WIRE VERTICAL | RIGHT | LEFT
mk\o\r (,._),\‘e'& |MPV’0U€5 RESISTANCE | MOTOR | moToR | moToR
Motos e e, be:ﬂ Se. % (Ohms) RPM RPM RPM

SINGLE OLD CAT 5 4.4 11,100 | 11,220 | 11,180
redly.ce,g T€S°‘3+8n Ce, m cY eQS‘::-} SINGLE NEW CAT 5 3.5 11,610 | 11,670 | 11,650
CC(\’TQJ'\'F SQWI»CC’A fo ﬂ\Q Yoto DOUBLE NEW CAT 5 2.3

12,040 12,130 § 12.080
©nws Lﬂw-)ﬂﬂﬁ/‘*"y we used By nnyrouelr%eﬁ Onar—(;o-\'ovs )




M 0‘\'0 6850“5 Apcﬂ\ 28, 2019

Woca Beusii

e Motor vluve  (guse” Wora Potor Beoshes

DERESPEON As we prackiced o e ol Piotocs hed] at 4
h‘ h \*a’re,. When Motor bruShes wear down, \Tke Tn Hee pictuce
ve. RPMs decxesse 3 lot.

| , ey My (Q@ &ujdé/d‘ Motor wiive!
o) KAl W the motors  Cduse s fauﬁj votor Sﬂl'“j

\Je: s edlecd Cofors 8(8*&'1’0 guxe Gt Wh -h\es
Y35l we wnoticed +he motors €aSled hen Wi leaked n’r\«manmwﬂ

SBRleaeneds Lue. usedd  igr vedl dvd \mar,ne_ vegse Gndev the B0
Céps +r:> reduce, ey infake ﬂitrowj te Ehél drea.
y



P

—

H dfaul‘fCS Fiouory 25,00

HOL;Q Con We eate

C\ T‘ ‘/Q\’ Or C\QW +Q) —’
e\p gicih ip the dunlaen
FreSh Gndd the ™ines?

HOOK SIDE

Due 1o cux oS iuse. i
The h&jd Wl IS We ave.

+o Expes: MQVH— W ’rh

Qc\aﬁﬁi"gc %QX\IQ% 1o Creade. &

wﬁ)fe?ridk e Goownd o Jrc\m& Ftaahto extend/ retvact
The Qunger Cioave and be (e The totes

Stro ngex cf vpe

We Eh&u@ LSe S 4 ceS
Cle aSv 4aobn 3 +0 Crecde o
doudie D %‘\'CM thot e Can

Q\Q A G v.ppele\Qw 5 (o1
Wi

CALE

U)Qﬁ'}o\h VlGﬁ*’C‘Q cm)awg

and CGSr +uoin 0\0

Wodes Gnd G h«jdmul?c
%Sfﬁyw '\0 (AN »C\’) we, Comn C\d(ﬁ

i)\‘\yve(‘.

Ab@\)e Woede v Be o wWates
Torme o extend) V\m%e&(g@@;g) Tome 40 extend Plun gec(seonas:
T oA LIER (T Teiod A e (] i
TeSed 28 1. Telol 27 144
Tetal 22 .25 Trefod 30 1.63

F\\lesrc»%eﬁ (.40

A\!C(&%Qf |HT

T?me, Yo redact ?1(,“3:1_%&@“@3)_3 Tone 4o vexcect Plunges Geeondd):

TSI L2357 Mool A0 405
TSl 23.35 Predure extendin Triol ¢ B8Y
Tefal 38 3.65 \ZNerQnS Tl 3. 406
Avercqeld-6D | Pressue eAvactS nq Avereqesy.cy

?)NC\,\,‘\O‘(\'S

i5



_g_[_g P.. PS_—_Y_' Jewn Umﬁ 9, 2070

How o e piell L
“XYWMS from 'k\'\@ 3(0\3 OW\A ﬁ
bo\wxrow\ Op'\t‘\r\e poo\?

\A]G CO\,\\& OHMJ\A
8 SQX‘-VO YV\O'I'OV‘
W ordeyr +o malie a

gr\ ppRev.

We. invevoked ouv \e de%\%:\ed a

ook Qanpe Yo botker ¢ . = hool that could G}
sappovt loting our YOV . vound the flooting trash
On Qm bo\\(i%v\ SOFQL;(M@ T T T

\JOQ‘\ Yo pick ue o
Suniun gro\s\(\

TR oy

e fall from ,C/osed onto the Closed onto +tens

the noow. Horms ond held foster; reduced jitrer
them tight

Hao( a jiHu H\jnl LK.[ : »&Heml Co%ncluiswm

often release

items while deving  We coneluded that Yhe
-\\r\e RO\/ \'wo QC\Y“\' grﬂ’ pPerv &
16 NecesSavy



1. TS $ize would Mmake 7 diFfscutt 4o drive.

‘\‘\(r(oqa\\ The hoops Causlse..

| Z Tt does ot hawe €i‘?\:§h gpzed for Max.

Cnts N The. C

l\enjc Coun€Se.

3, Needs. 4. “1&3 o Ff,cYé up  rems.

iofandasd. Pool test

Teim-~ Neukregl Teral 1-Y1. 0% seconds
st -Neuwtegl . Trial 2-41. 63 seconds

Bu —posiive - Teial 3= 4157 Seconds
&%ﬂ — 16,24 gictes Aves e~ 8.4 3 seconds

17

Tesal 17 12.2 seconds
Teal 2= \.B%55econds
Tetgl 3= 12-75 geconds
Avefage- |2..00 seconds



raKEX\ 'Z. @ Noveerbee 17, 2018

Would Menimizing the '
- Mass ok the! Stardacd - ,
Seapech ’de&%n ndcegse Qu(

e — RS N =
B W Do d 0se, thinfeg
Ard Yotte v pipe o
NCegSe GuX Hheust +0

Co MasS Ratio.

_ we tModissed the Standacs e bosH 4 Smallex

Segpesch desian by Vecsion Of the
Replacing. Hae ¥Ham Stadad Seapeaah ROV

With wHer bottles.

Leadth:Gin.
. | Width23% .
| _ he:ath‘.’n.
A Ty o

-"’:,; 9 LA G {2 {3 E ’
W '!!mwﬁlmammm'

(J J
Teven—Netuckea Fesal 1 - 37.63 [esal 1- 9.6%
L>St—Neateal Teval 7 — 36.49 Tetal 2-9.48
%) InCey Rsitite.  Tyial 3-36:/5- vl 3-% 83
%h+ 3 81% Gunced A\)C‘( 836 —~327e OW \ AU&f 33(’_ -C]-QS

- . . {
Keakew 2.0 s Stable bat
because o 1S Squae Front Ll
decided to SWitch t 3 e

hjdfc*dﬁ ndmic de%?ﬁn.




ra K en 3‘ @ Decemtbec 2, Zolg

woc;\d IM (O\h
alm

the h
o€ ou\r &0\/ Make us
fastec?

We S\r\om\d Mo
Ouf UAmgjnamcS

oufl
xcgle s 1Block =45 r\o‘z Peint.

We ﬁ"’lvfooe& - — We huiH an
the hydcodyngmics ROV 4hat <5 Shocker
_ 0f the 134+ Inoh And Wides with d

the mznuUexablHJ. : o Yeinted Nose.
‘ iJ

S#amw%ﬂesi
4y e 0t Veiizovkal Pos) TesH

Teem-Neudea( Tall-30 19 T 1- 9%9

List - Necdgd| Teial 2- 3033 Tesa) 2 - 10.61

&LO dnc j~Pcfa-?+(7 Ve Toidl 3= 297 Teid\ 3= 993
5. U 0omcey Ve\;ggc: 207 Mgﬁeq U

Veaklen 2.0 1S oux Yastest Rov

— Se ¥ac but I3 WS Sces vl
Yo conteel S0 We dec ided e

Switch fo 4 ™oce Stable dest gn-




I ,\! AKCH L 4@ Decerbec G 2018

1€ we Move the
Motar ClaSes To the -
yjcentes of ng;; c&w.n 4

fice

= mprove the bl +he ROU?
* W e Codd irciesse
the &$Hnce frow bow
Scales t+o Steca §6 PUcCe Our
1 @w0ck=15nen Motav. CloSes to the
Centes 0¥ Buadgnfg

B RS s
ot Vo
h L .

We Snccessed e e bt 3 Stnara
the Spe ed and hgpecﬂ bt to prevertt
Vectteal €€(/C'€n(27 - Owl ROV %tom IS W.‘rlj

Of cusr ROV ° > L e water,
3 g |

Tesm- Neachrs! TeSal 4- 24013 Teial 1- 8.4

L"S - Newtcal Triat 2- 2§-5 Tl 2- 3.37
J - Psdile Tetal 3-273Yy T 3- §.4?
Wetgnt & UBousces  AVexage: 253 o hee .4

@g\/, (eSS0

Kraken Y <3 Our mest hedio-
dyaamic, S, dnd essiest to
C’cm% ol Rou. %c, e N Continue +o USe.
Ueskernn 40 oo Cempefttions Cakl we
Cereate 3 bettec  Kou-




%5 0 1oz

0’83 «®at, bat how

do e, wmgite, Qo QQ,U
” fastex?

Ll B \06 Cowldl mdKe

A0 tieny Oux Rov 1§ He«[sﬁ Qnol
=y | %mﬂllef 0 S5 «w
% iBloc,K::LSvch

A N

(1 v 1>
W WM continue.

(_,L)f’, &ﬁSC:C"nQd 8
5 M“Cf ‘:“Qme_ N 'H’\Q?U.%oy\
to fmpv ove QUYL Yrdme \‘QM.
é\cﬂjwa‘fn Yolore gcevrent e (e Proa
¢ Dette cowhroY.

ted G Frgme
Tss Yeducedd Gux QoUS

Gueca\( S te a

.-—‘ <}

: - DK 4 A.,A‘.s‘ \.*...a.
) 1 (IA7E N (?ﬁm Fﬂ’%?"ﬁv rmig@—«
»!~A e TIOCLO

W | RSN
n.a—. w

T - Newfvg\/ga uskgpe T4l 41— 27-97
LosH - Neeedvat

Tefal4- 8.c4
Iat 2- 2724 Tesal 2- §.36
&gfanc ~%s°+cve/&1‘us‘r8bie Tea\ 3= 269 Tesal 3-8.42
\A\elj"ﬁ' BOLAV\(,C& Ave\’age 27°33

Negget

(e dec e +o chg,zje_ faes dessan

be.céluﬁe,) SD. P& He, ents e
e WE Wede dule 0 mecease Cus Hheust
Jo masg 5o Ad Tt WS tere Wanveverable,




W é,@ j&l’luawj 25, ZﬁO‘ZO

How 50 We @ﬂ\co/w
D\C,\A \+ev\/\5 up from R'\ -—-’

bottom of the pool

N

We Coud malse G
Ve bQQt:)G\Y‘H‘ [Z7¢10)

) "h’\Q:-\' th\ Q. Cxix
( l D CHOChn ew{\‘\'\(l Cx\\\Q(:c\%

o \fes

T e — Foxr o Seclg.

| | S o

o = i ° —
Wealhenn 6.0 warked EK_. | A Bt e O{’)(ASJ“CO\ Caax
%fecd bt Dokt € G Chwment
¢ S O\ gl bO"’HQ 6963\?)\1 ! anck C\d(g&_(& i P.(.Q

. be foSter and mc;re

mu\ie‘ﬂ?b\ﬁ- F

%hm‘il%j fest %opr HQ\r-ZOYh‘QI QOGH€S+ JQet Vool oot St

holesy —\QO?\"\'G\C\’\C\
Wrue GimSre SH

bn 3 hﬁ@«@ vncm&c.

Tr?m-N(uJ(\(\;I/C\&!jr;: NS TvSol 4~ 24- b4 T\’?q\ 1r 8'5\
<t~ Veutral Telod - 23-49 Ihcﬁ\ T+ 831
P C\\\CJ cdfuStae.  (Telal 3~ 2443 NSl 3- By
Les %nJr L]0 Qunces I—\vevc\c)c -4 Avescoc— §-3¢

Vlrckl/’kn 6O COQ\”KQC!\%VEQC" bod’ g WO

T Shruceed iy Yosing Up/Hown uh {3 "

CQ‘\U na {3 ond (13 Slocdey f‘h&n (u€(& \$Ke. x
77



‘M ‘7 @ ARG\ 18, 2070

//ow ok we vaQC\B@,
geed. Ono WN\U\\JQf&b\‘
Q(l OL« ‘()\C)\) Wik BQ(\/
O«\d 6 \8(78(‘ Cn '\\* L1
We Con\d Uhauae

—GVNL Aotedblciy=15nen to 0.One_ bottie d@;\,‘?%n
- =] e 1o make U foxtne
Ci—ﬁ ' ’l k\ Qddc‘i-COY\Q\ Aro Bgfﬁd}Qo} bj
Q:ﬂ“[ﬂ[i e the % ﬁ?‘&f
Lcte \Fed

we NowR. made O o =
oe Snnalafions o Qur, %OU-

we_ Cie. Now €)<(/‘|\‘€M€Y\+l
Wty O w otor empen;@a

ety We mod?¥?€d Qur
buo Ov\.C.j OHGChme ot
1o o One? hote chesian
CundL 615pped Oue UeokSea ator,

Stondard o) Test

Stobfiftdest  Hos Korzontol Poltest  lOek Verticad Rooldest
Tv$on - Newteol fodustobie Trio (1~ 2247 Tefoud- 95
155+ - Newdsol T\».mz 7292 TrSel 2= 927
Ruogoncy - PasHsve  Tefol 23— 22.2) Teiod 3— 93
we?a = 884 Ountes  Avevoqe—22:0 Avexage-~ 924

Avinoun iy detign os Qosteq, # ¢ Vcotert
Wol Mudh asdes ta Monuer ond H aold.
75 foudexds Qock Lihen Adving ontne Sucloce.
So Ol We Came op with a beHer deﬁ?gn we
S went back ta Goci$tSng with hvaven 0.0, 13




, Apet 3,
Nraken F-?nal De&? n
9

Pemovobie Trird Battie
\ Tnereasedd Stabifidy Ond |
oows 13 4o qﬁc:;%
Chomge \)\».03&4\05.
Expondoble SheatWin ,B(?S“\' Cotosy
Increased W‘D‘e__.__’ heips §s See Ouc PV, |
C PexSKg hj J

TifPeceny Colar§ on the
Feont Ond bodk heygs us
Feu Linion dsrecyion the
Pov S pocgna.

Puidozer Coevs
Pasnes FroadSng hrosn
Ovex boop fast Gnd
Qﬂ‘?g’;c\'ﬂ'\‘j .

Erechvieal Toge

Peevends loattles feom
S\?d?ng and oddds

Pottie Cops
Morve Colov o hep _ore h drodﬂnamc-‘.c
See e Rov. ond 0dd $tSonal
buot,muj.
S'D mee
L?&h'\'ev/reduces
d

ms, Qllows WS to

Make Gmy Shage
e wowt. High Speed sevrvo

€oSiex /quicher 10 tvap

94ems.

24



