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The goal is to create a boat that can scan the bottom of canals

and detect things like objects, cracks, and buildup. As of right

now, SRP has to completely drain the canals to manually inspect
the floors and walls of the canals. With our autonomous robot
boat for water canal inspections, we will be able to prevent SRP

from draining an 8-mile canal section of water every year.

Client 1: NN © Client 2:

Dr. Reza Sharif Razavian .m- SRP
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Concept Generation

We discussed many ways we could fix the issue that the current boat model has.
= To add better thrusters/more of them

= Wheels to the boat itself

= Make the control box be on top of the frame instead of inside

= Use one control box instead of two

= Different hydrodynamic design

= Lateral Thruster for side-to-side movement

Rikki



Concept Generation

Advantages: Advantages: Advantages: Advantages:
* Precise Control * Hydrodynamic * Precise Control * Simple
* Hydrodynamic * One Piece e Lateral Movement * Light
e Light * More Room/No need * Easy Recovery * Energy Efficient
for Electrical Box
Disadvantages: * Easy Recovery Disadvantages: Disadvantages:
* No Lateral Movement * Less Hydrodynamic * Not Stable
* Needs Framing Disadvantages: * Heavy
* Hard Recovery * Hard to Construct
* Heavy

Rikki



Customer and Engineering Requirements

Customer Requirements: Engineering Requirements:

Deploy & Recover quickly / safely Deployment / Recovery time : < 5 mins.
Operate in a current Launch angle: ~ 60 deg.

Accurate autonomous navigation Current tolerance: 2 m/s

Long operation per charge Nav accuracy: midline < 0.5 m error
Remote operation Range: 3-5 km

Rugged / Waterproof while withstanding heat Size Under Water: < 3 ft. depth
Fail-safe recovery Weight / Material: ~ 50 lbs.

Easy sensor data logging + transfer

System fit in an SUV

Christian



QFD

Engineering requirements

e Safe & Fast Deployment
& Recovery
o Time it take to
deploy and recover it
safely
e Ship Design
o How well it can work
under the canal
conditions
e Sensor and Data Logging
o How well the sensor
can see and log the
data
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Engineering Calculations of Buoyancy

1) Convert volume

0.0254 m
1in

3
V, = 395 in® ( ) = 6.47 x 10 % m?

2) Buoyant force
Fy, = pgV, = (1000)(9.81)(6.47 x 10 *) = 63.5 N

3) Total buoyant force

Fb,total — 2Fb,p = 127N

4) Max supported mass

Fb total 127
max — —— = = 12.95 kg ~ 28.51b
" g 9.81 5

Christian



Engineering Calculations of Materials

20-2020 | 20mm X
20mm T-Slotted Profile
- Four Open T-Slots

For the framing of the boat, we looked at three different types of materials to see which
one would be the best to use for what we are trying to accomplish.

Aluminum Density: 2700 kg/(m”3): (59.00) ans FZZ

Steel Density: 7850 kg/(m”3): (543.00) i - TYP 2 150

HDPE Density: 950 kg/(m”*3): (524.00) oot Lrsomve A

V=A*L20mm * 20 mm * 0.508 m = 0.0002032 m~3 ity | ‘ - 732TTYP
T ‘ M M | l

Aluminum mass = 2700 kg/(mA3) * 0.0002032 mA3 = 0.55 kg t/é E\J ]

Steel mass = 7850 kg/(m”3) * 0.0002032 m”3 = 1.6 kg T

HPDE mass = 950 kg/(m”3) * 0.0002032 m”3 =0.19 kg

Aluminum = A very good balance between cost and support.
Steel = A little overkill unless the weight is drastically heavy.
HDPE = The lightest but has the least amount of support.

William


https://8020.net/20-2020.html?srsltid=AfmBOoqO-0YqmlDY0wYwh8XZZoLzXAYuGO-Au2NxeaYw24ybHdj9BDeO

Engineering Calculations of Battery

As for battery consumption and runtime we have to take into account these different
components
- HDS7 Sonar transducer
- CubePilot Orange Cube +
- 3 T200 thrusters
o 2 thrusters @ 60% power
o 1 thruster at 20% for minimal time

V= 307 ¢ NS
NS = Number of cells in series [4S, 65, 85]

V=3.7*4S

This lead us to the Turnigy 4S 14.8V 20,000 mAh battery pack V=148V

E
E — V * C t = usable
P =
E = Battery energy [Wh] t = Runtime [h] t=0.575 hr.
E =296 Wh _ ,
V = Voltage [V] P = Power Consumption [W]
C = Battery Capacity [Ah] t=34.5 min.

Rikki



Engineering Analysis of ArduPilot

Name 4 | Value | Default i | Desc

FRAME CLASS : Frame Clase

Undefined

Rowver
FRAME_TYPE Boat

BalanceBot

Frame Type

Name 4 | Value Default Units Options Desc
| -1.GPIO

SERVO1_FUNCTION 26 26 0:Disabled Function assigned to this servo. Setting this to Disabled(0) will setup this output for control by auto missions or MAVLink servo set commands. any other value will enable the comesponding function
1190 Mo

[PWM maximum PWM puise width in microseconds. Typically 1000 is lower imt, 1500 is neutral and 2000 is upper limit

SERVO1_MIN |PWM 800 2200 minimum PWM pulse width in microseconds. Typically 1000 is lower limit, 1500 is neutral and 2000 is upper limit

| | O:N
SERVO1_REVERSED o Reverse servo operation. Setto 0for nomal operation. Setto 1 to reverse this output channel

Alexander
SERVO1_TRIM 800 2200 Trim PWM pulse width in microseconds. Typically 1000 is lower limit, 1500 is neutral and 2000 is upper limit




Engineering Calculations of Differential

Thrust

Thrust
Voltage Combo Right Left M_z (N*m) Forward Backward M, = (To —T, ]E
32V Nominal 51.45 -39.2 7.19534375 |Nominal kgf 5.25 4 z R o)
40V Max 65.66 -49.49 9.14003125 Max kgf 6.7 5.05 |distance (b)
16V Half Nominal 51.45 0 4.08384375 Nominal N 51.45 39.2 in 6.25
20V Half Max 65.66 0 5.2117625 Max N 65.66 49.49 m 0.15875
INTRODUCTION TO 2
NAVAL
ggﬂ:ﬁﬂmn mass distibution (k) |_z (kg*rm"2) I, =km (E)
center 0.6 0.343 distance (b) mass E’ﬁéﬁ&gﬁi&s
even 0.8 0.457 in 12.5 lbs 50 o
outside 1 0.572 m 0.3175 kg 22.6796
angular acceleration (rad/s"2)
M z | z=.343 Mz | z=.457 M z | z=.572
7.195 2.468 7.195 3.290 7.195 4,113 1 .
== D =—-pC AU
9.140 3.134 9.140 4,179 9.140 5.224 |@ I 2
4.084 1.401 4.084 1.867 4,084 2.334
5.212 1.7687 5.212 2.383 5.212 2.979

Alexander



Engineering Analysis of Wheels

Product Dimensons

2 2
One major issue with the current model = mh (D" —d7) —9032in3
is how it’s launched into the canal. The 24 )

boat sits on a separate cart and must be = whi(D;" —d;") — 11.723in3
pulled into position with a long hook to o 4 4

latch onto the cart. This process is Vo + Vi = 20.755in
difficult and once led to the hook B =pV =0.7491bf
snagging an electrical plug, flooding the

electronics and causing about $300 in h=2in

damage. D=6in

Our design improves this by attaching d=D; =55in

wheels directly to the boat, eliminating h; =0.5in

the need for a separate cart system. The d; = 0.63

external wheels will also act as a buffer,
hitting the canal walls first and
protecting the boat from damage.

p = 0.03613 b /in3

TOWKING 1200lbs 6inch Boat Trailer Jack Wheel, Wheel Replacement

for Jack https://a.co/d/01Too7mY
Norah



Concept Evaluation — Pugh Chart

Criteria

Deployment - 5 Datum - +

Recovery - 5 Datum - +

MNavigation - - Datum + 5

Waterproof + + Datum - +

Battery Life S - Datum + -

Data Logging 5 5 Datum + 5

Size + - Datum + 5

Total + 2 1 Datum 3 3
Total - 3 3 Datum 3 1
Total Same 2 3 Datum 0 3

Figure 2: Pugh Chart

Norah



Concept Evaluation - Decision Matrix

Criteria Weight
Unweighted: Weighted: Unweighted: Weighted: Unweighted: Weighted:

Deployment 0.25 90 22.5 50 12.5 80 20
Recovery 0.25 90 22.5 50 12.5 80 20
Navigation 0.15 85 12.75 85 12.75 85 12.75
Waterproof 0.1 100 10 85 8.5 90 9
Battery Life 0.1 75 7.5 S0 9 75 7.5
Data Logging 0.1 80 8 80 8 80 8
Size 0.05 90 4.5 S0 4.5 90 4.5
Total 1 Sum: 87.75 Sum: 67.75 Sum: 81.75

Figure 3: Decision Matrix
William



Concept Evaluation — Chosen Design

This is our current final design. It uses aluminum extrusions
for the frame, an electric box to hold all the electronics and
controls, kayak stabilizers for buoyancy, wheels for easier
transportation and deployment, thrusters of different
power capacities, and the sonar sensor.

28 inches long
25 inches wide
18 inches tall

Alex



ARWBCI Project broectstart  Mon, 412612026
SRP Project lead Display week: 2

SIMPLE GANTT CHART by Vertex42 com
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Idea Staming Team 100% 1130726 2626
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‘Sensor depth Christian 100% 27272026 32026
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Tyoe of Material Willizm 100% 22272026 V2026
GoFundMe HNarah 100% 2IZZ026 V2026
Updated SokdWorks? Alex 100% pelieelidiel 32026

Figure 4: Gantt Norah




Bill of Materials:

To the right is our current bill of
materials but we are prepared to
expand it as we move along in the
project.

Since we are planning to spend
around $1,800, we need to fundraise
around $500 along with our budget
of $1500 for a total of $2000.

To raise the required $500 we have
created a GoFundMe page which will
make it easily accessible for others to
donate.

Sum:

Kayak Stablizers

T200 Thruster

Apisqueen

Aluminum Extrusions (4 pack)

Kore Carrier Board

Cube Orange +

Waterproof Electrical Junction

Box

Wheels (4 pack)
Screws

Batteries

Wires

Herelink Controller

Without Controller

$215.99
$270.00
$42.00
$40.64
$300.00

$226.00
$114.99

$26.99
S20

$116.99

$16.00
$1529.62

$1727.23

1
1

With
Controller

$215.99
$540.00
$42.00
$81.28
$300.00

$226.00
$114.99

$53.98
$20.00

$116.99

$16.00
$1529.62

$3256.85


https://www.amazon.com/Brocraft-Outrigger-stabilizer-Stabilizer-Generation/dp/B0BHMW6LJ9
https://bluerobotics.com/store/thrusters/t100-t200-thrusters/t200-thruster-r2-rp/
https://www.underwaterthruster.com/products/apisqueen-u2-12v-150w-underwaterthruster-with-esc-5v-1a-bec-output-for-rov-boat
https://www.homedepot.com/pep/SKYSHALO-4-Pieces-47-2-in-T-Slot-2020-Aluminum-Extrusion-Profile-European-Standard-Anodized-Linear-Rail-High-Strength-Extruded-2020OBLXC4JZ2RFAO001V0-S403/335664731?g_store=8583&source=shoppingads&locale=en-US&fp=ggl&pla&mtc=SHOPPING-BF-CDP-GGL-D25P-025_007_POWER_TOOL_ACCESSORIES-NA-Multi-NA-PMAX-NA-NA-NA-NA-NBR-NA-NA-NA-Power_Tool_Accessories2024_EXISTING_BHU24_PLA_TEST&cm_mmc=SHOPPING-BF-CDP-GGL-D25P-025_007_POWER_TOOL_ACCESSORIES-NA-Multi-NA-PMAX-NA-NA-NA-NA-NBR-NA-NA-NA-Power_Tool_Accessories2024_EXISTING_BHU24_PLA_TEST-20536976352--&gclsrc=aw.ds&gad_source=1&gad_campaignid=20542542173&gbraid=0AAAAADq61UdOAQyOlM5-S7MslvzAPOHWy&gclid=CjwKCAiA-sXMBhAOEiwAGGw6LEFfTnTI7_1dqgoVELVXdk2m5xxX6--dUTVa5bdwEYkcwthoxulDIBoCeF0QAvD_BwE
https://spektreworks.com/product/kore-multi-rotor-carrier-board/
https://spektreworks.com/product/cube-orange/
https://www.ticonnshop.com/product-page/waterproof-electrical-junction-box-ip67abs-plastic-enclosure
https://www.ebay.com/itm/186430783956?chn=ps&norover=1&mkevt=1&mkrid=711-166974-028196-7&mkcid=2&mkscid=101&itemid=186430783956&targetid=2304343365564&device=t&mktype=pla&googleloc=1013406&poi=&campaignid=23065156010&mkgroupid=185462213665&rlsatarget=pla-2304343365564&abcId=10466071&merchantid=118955226&geoid=1013406&gad_source=1&gad_campaignid=23065156010&gbraid=0AAAAAD_QDh_fH9lc8qfPJh7JYzzoQ-4ZV&gclid=Cj0KCQiAqeDMBhDcARIsAJEbU9RD2C53gGH89hmpjXtlZO4edPJgzu4pmguTttE2aaP-KapvMdR6YEgaAnG3EALw_wcB
https://bluerobotics.com/store/cables-connectors/high-temperature-pur-subsea-cable/?attribute_cable=T200+Thruster+Cable+%283+conductors%2C+16+AWG%29
https://www.robotshop.com/products/cubepilot-herelink-hd-video-transmission-systembundle?gad_source=1&gad_campaignid=20145188159&gclid=Cj0KCQiA5I_NBhDVARIsAOrqIsa5g-Teq3PgV3jmF9qUCYOQKTWgf5OQyoA4zNpKtvX3hfoERIwZQboaAuyJEALw_wcB
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