

    
      
          
            
  [image: Protei Versions] [https://www.scoutbots.com/]
Welcome to the Protei wiki!

Protei is a modular, shape-shifting sailing robot. The initial aim of Protei was to clean up oil spills, but it is now a platform technology to improve robotic navigation. The long term goal of Protei is to deploy autonomous, renewable-energy-powered boats to collect ocean data.
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Specifications

See Our Website [https://www.scoutbots.com/protei/#/95vacuum/] for more details.




Technical Drawing
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Video




Observation




Evaluation




Next Step

See Protei-10.0 [https://github.com/Scoutbots/Protei/wiki/10.0_Unreasonable]
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Specifications

“Birthday” and “Classic” :


	Total length : 84 cm

	Total Hull height : 42 cm

	Total mast height : 89 cm

	Area of main sail : 1 424 cm2

	Area of jib : 828 cm2



Weight

“Birthday”


	Total weight 4.5Kg

	Sail (including mast and boom) : 245 Gr

	Control box : 700 Gr

	Hull + Ballast : 3.5 Kg (approx)

	Hull (without ballast) : 1.032 Kg

	Ballast (lead) : 2.468 Kg



“Classic”


	Total weight : 5.163 Kg

	Sail (including mast and boom) : 245 Gr

	Control box : 700 Gr

	Hull + Ballast : 4.218 Kg (approx)

	Hull (without ballast) : 1.75 Kg

	Ballast (lead) : 2.468 Kg



Electronics (identical)


	Remote controller : FS Sky. FS-GT3C

	Receiver : FS Sky, FS-GR3E (3 channels)

	Servomotors : ?

	Power in boat : 4 AA battery (1.5V each, standard)






Technical


Birthday

We built a whole new gear system that is equipped with 2 speed controllers, feeding 2 powerful DC geared and worm geared motors - one for the sail - one for the hull control.

It worked great in the workshop but required a much longer procedure to start up (4 switches to flick in a specific order). The system did not work on the water.

The very large Hobby battery, the larger motors could hardly fit into the dry box and were very heavy.

Even if this configuration provides more power, it is hard and expensive to:


	Find this kind of battery

	Use these speed controllers (145HKD each)

	The motors may even be too powerful for the application risking to damage the hull.






Classic


	New control box (10.5.7)

	Sail : 1 geared DC Motor, 6V , 70RPM

	Hull : 1 Wormgeard DC Motor, 12V, 30RPM

	Battery : 11V, 2200MAh, NiMH

	Speed control (x2) : WP-1040 Brushed Waterproof

	Receiver: FS Sky, FS-GR3E (3 channels)








Pictures
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Video




Observation

The commercial boat could not handle the relatively strong wind and went flat on the water and drifted away. Protei “Classic” Sailed well but it could not tack. Protei “Birthday” could tack and jibe - most maneuverable of the three, but was a little slower than “Classic”. The round hole in “Classic” hull is to reduce it’s side force so it provides a side force similar to Protei “Birthday”.

So we have decided to abandon that design and stick with the simple 2 channel RC to regular servomotor - more standard.


Test report


	Wind condition : Average 2.5m / sec. Gusts at 5m / sec.

	Current condition : .5 to 1 knots

	Wave height : max 30 cm, high frequency, disorganised 3d waves



Overall


	Successful, the boats sailed easily and against the wind

	Wind conditions were good

	Little waves

	Current was quite strong

	Protei “Birthday” (The articulted one) can tack - the regular (solid hull) could not tack - Shape shifting was more maneuverable !

	Both Protei “Birthday” and “Classic” can go upwind.

	Classic is faster

	Both boats are too heavy

	Protei “Classic rudder should be be bigger.

	Both “Classic” and Birthday were approximately equally maneuverable in low and high wind

	We tested “university club” sailboat, it was crap. Cesar had to swim to get it back : http://youtu.be/AailPjvkYo4?t=6m31s



Hull


	Fiberglass spine works well ! Good find Guillaume ! 2 layers or regular 300gr / m2, bidirectional.

	Thin slicing the hull was good for bending - but no so good for hydrodynamics as here is still too much water turbulences between the section

	The floatation line could be lower (float higher) on “Birthday” - it was ok on “Classic”

	Water stocks in the “dry compartiment” - not good.

	The hull is not curving enough

	Cable guides

	The attachment of the hull bending are too loose. we need a more solid attachment point on the “flexible spine”

	The side view of hull would be more like a banana

	Not a cross section rectangular but more like a circle profile



Ballast


	Hydrodynamic, maybe a little bit too heavy



Motor (Hull & Sail)


	The Servomotor box from previous Protei worked very well. Super water tight, and 4AA batteries lasted a good 40 minutes of sailing without weakening.

	The Powerful “Speed controlled” gearbox did not work. It did work in the workshop - not in the water. Not again. Very expensive and time consuming trial - that we should save our clients. Let’s stick to RC for simplicity and reliability sake.

	The control box should have 1. Switch 2. lights 3. cable inversion 4. cable guides



Sail


	Bright orange sail is well visible and safe

	A lightweight fabric could be used for the sail.

	The windvane was not giving us a good information about direction or strength

	Sails area is ok for this wind

	add a boom for the jib



Control Box


	the control box is not easy to open- reverse the tube to other sides








Evaluation

We designed, built and tested 2 hulls of the same dimension, same electronics, same weight (ballast), same sail. The major difference is that one is a solid rigid hull “Classic” and the other one is a shape shifting hull “Birthday”. We also tested a commercial sailing boat called University club [https://www.youtube.com/watch?v=AailPjvkYo4] (sales at 950 HKD - expensive for poor performance).

Overall we are satisfied and we have a clear list of actions to improve. We are currently simultaneously building 3 new prototypes with the approximate same dimensions.




Next Step

See Protei-10.6.1 [https://github.com/Scoutbots/Protei/wiki/10.6.1_Crazy_man]
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Introduction

The mathematical model consists of mathematical equations obtained by studying the physical phenomena around Protei.

It is the virtual equivalent of the mechanical model.

The simulation consist in solving these equations using computer programs.




Goal

To simulate an articulated sailing vessel pulling an articulated tail with changing mass, exposed to the influence of wind, currents and waves, manoeuvring in an oil spill.

We will split the problem in 3 sub parts, and aim at 3 sub goals for each part.




Time line

 May 1st 2011 to June 1st 2011: preparation for Protei prototyping
  
    
    
    Goal
    
    

    
 
  
  

    
      
          
            
  == Electronic group ==
Qiuyang Zhou : choose parts, stay on schedule.
Gabriella Levine : hack electrics / electronics
Logan Williams : optimize circuits / consumption, response time. Choose next generation of parts.

== Mechanical group ==
Roberto Melendez : define good hull shape, buoyancy, weight. Define the weak points, torque required to bend the hull.
Sebastian Muellauer : design the actuation system. Choose hull materials and processes.
Sebastin Neitsch  : connect the electric and mechanical group. Work on data feedback from the embed Xbee.
Cesar Harada : Design the mechanics of the hull

== Oil group ==
Francois de la Taste : define test matrix for different oil cleaning equipment. Order test materials, build experimental setups.
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Assignment for the week (draft):

Electric

From a standard 12V hacked cordless drill [https://www.flickr.com/photos/worldworldworld/5864756413/in/photostream] =>


	Know your battery. Define the specs of the batt. (V, A, Peak, Duty cycle ...)

	Know your motor. RPM and Torque f V, A ...



We need to know our current motor to project for future part order (more efficient motors / batteries)

Electronic


	Establish good 2 way communication between “base” and “embed” Xbees.

	Control speed, direction and torque of 2 motors. Reduce response time to minimum.

	Control the approximate position of the motor (feedback).

	Log movement data so we can replicate experiments.

	Either use keyboard / hacked RC command to control the Xbee sailing robot.



Mechanic


	choose a hull design that is modular and that we can adjust (weight, shape, motors, payload).

	Mechanical system should be robust and have a short response time using the motors chosen by the electric team  for better maneuverability and minimum response delay.



Oil


	Define the test matrix that is required, and design the tests (environment, material, process, etc.)






Assignments for 11th July to 15th  July

Electrical


	Design and get insulative  tube for power cables and sensor signal cables

	Design the layout of the electronics components and find the appropriate water proof box to encapsulate them.

	Get the  control code running



Mechanical


	Finishing  test model for cable actuation

	Order the appropriate lead screw and nut for actuation

	Get longer Bowden cables (> 2m)

	Mechanical design for winch box

	reinforce the sail

	design the size and weight of the keel and the ballast.








Specifications




Technical


Electrical

We took apart an inexpensive cordless drill to find a high amperage (10A, up to 80A stalled) DC motor.

| Component |Info | Picture (click to open) |
|—  | — | —    |
|V1/ microcontroller–> high amperage motor (hacking a cordless drill)| | 
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Goal

This is for the actual design and construction of the Protei hull and sails. What will it be made of? How will it look? Where will everything fit?




Questions => Decisions


	Can we drag a long absorbent?

	Can we sail upwind with an articulated hull? What is the behavior of an articulated hull?

	How to maximize pulling power and control of Protei?

	Articulated (+ springs) / flexible?

	One mast / multiple masts?

	How many degrees of freedom?

	How many channels for the Remote control system?

	Symetrical / Asymetrical hull?

	Inflatable / Hard or Inflatable + hard?

	Number of Actuators required (degrees of freedom)

	Modelling input to hull design

	How do we make power transmission? (hydraulic / pneumatic / mecanic - bowden cable)

	How do we ruggedize the model?

	What are our preferred materials?
Do we have to do some tests of a boat with a heavy tail attached behind as soon as possible, to obtain direct experience?






0. Introduction

It is a good idea to start by a glossary, so everyone has the basis and understanding of the forces that are in presence in the act of sailing.
In several ways, Protei is challenging these factors mainly because it is an unmanned vessel, and because its hull can change shape.
The development of Protei has two main goals :


	Develop an oil spill cleaning technology

	Develop a new family of articulated sailing vessel



[image: 1]

From “Principles of yacht design - Larsson, Eliasson” Download whole book (64 MB) [http://scoutbots.org/data/Protei/06.0_Batman/mech/20110417Principles%20of%20yacht%20design%20-%20Larsson,%20Eliasson.pdf].


	How many degrees of freedom?

	How many channels of control (on the RC command)?






1. Pulling Power

That is its end purpose, to pull the load of an oilboom (and potentially other items)


1.1. Masts and sails

[image: 2]


	Hypothesis 1 : 1 mast | 1 sail

	Hypothesis 2 : 1 mast | 2 sails



[image: 3]


	Hypothesis 3 : 2 masts | 2 sails

	Hypothesis 4 : 3 masts | 3 sails

	Hypothesis 5 : 4 masts | 4 sails



The main advantage of having multiple sails is that it reduces the chance of one sail shadowing the other’s sail. It is not unusual for a boat to have sails that slightly shadow each others, and ... it works [http://s1.e-monsite.com/2008/09/23/253510724-mats-jpg.jpg]! (This is of course in a non articulated hull where all the sails get the wind from the same side. The big question is when the hull is articulated and one set of sail get the wind from one side, while another set will get the wind from the other side.)

The disadvantage is this creates another level of complexity in the fabrication, number of sensor and mathematical model. As a first experiment, the simplest we stay, the better - yet great discoveries may just lay before us if we dare :)






2. Steering

Able to steer while pulling a big load


2.1 Hull shape

[image: 4]

The hull being also the centerboard and the rudder, the way we design it is absolutely crucial.
The way we proceeded for research is to design a hull that we can crop - yes literally carve - , rectangular at the beginning (fig. A), than progressively cropped to a circle (fig. C), than with a dominant stern (fig. E). We invented a dominance test, called the “S test” which can help make an approximate judgment of which of the articulated stern (back) and the bow (front) have the most influence on the steering.


	Test 1 : straight forward, the boat going with a trajectory we could easily anticipate.



[image: 5]


	Test 2 : the “S” curve allow the stern and the bow to “compete” to see which will have more influence on the steering.



[image: 6]

in here the stern has more influence, hence when moving forward the vessel goes to the left.




2.2 Velocity and lift effect

[image: 7]

If Protei reaches high-speed (which may not be counter efficient to absorb oil) we may reach that point where the shape of the hull creates a lateral lift. As represented in the diagram, this means that the hull behaves like a wing (but vertically). If this hypothesis is accurate, than we might witness the opposition of 2 lateral forces : the sail (air wing) VS the articulated hull (water foil). This is not an emergency since we do not know yet what kind of speed we can achieve with Protei, but just anticipating what happen in extreme conditions. If this is verified by testing, that means that we may use this effect to go closer to the wind [https://en.wikipedia.org/wiki/Point_of_sail]. The world fastest boat - hydroptere [https://www.youtube.com/watch?v=9eJgsiS3xH8&NR=1] - uses these foil to reach dramatic speed. You need to watch the video! vehicle going at much modest speed - the waterbird [https://www.youtube.com/watch?v=H8GJmxBx8N4] - can also use this effect and support a lot of weight.

Interesting article about stall, and “post-stall” dynamics. Stall diagram [https://www.flickr.com/photos/worldworldworld/5647872814/sizes/l/in/photostream/].
Interesting article about “Center of effort VS center of lateral plane [http://forum.woodenboat.com/showthread.php?126681-Center-of-Effort-vs.-Center-of-Lateral-Plane]”.

In classical yachts the the keel works as a wing underwater, which provides much more lateral resistance than weight and water resistance alone. To control the lift and get a predictable trajectory, the rudder is used as a stabilizer, just like a typical aeroplane wing+stabilizer.
How this would translate to the protei which in its current form only has one deformable wing, is an interesting question.
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2.3 Articulated vs. Flexible

[image: 1]

https://drive.google.com/open?id=1YOBrui8dURzG3kyx2FKD8HFn0VWN-_l7jtSSJrsYof0




2.3.1. Ruggedize

How do we make it sea-worthy ?




2.4. Motor

[image: 1]

https://drive.google.com/open?id=1qwOlTnV-9V-FVQPR6oQghN2C-45jviLquKoWLqegK_o




2.5. Transmission of power

There are 3 main options for control transmission in the body of Protei :


	Cables (like bikes cables [https://en.wikipedia.org/wiki/Bicycle_brake]) : cheap and reliable but high friction, rust in Marine environment.

	Pneumatic [http://www.imagesco.com/articles/airmuscle/fig2.jpg]

	Hydraulic (fluid) transmission [https://en.wikipedia.org/wiki/Fluid_power] : low friction, powerful, expensive and rare. Car brakes [https://en.wikipedia.org/wiki/File:Hydraylic_disc_brake_diagram.jpg] use fluid because it is very powerful and reliable, and does not rust. Hydraulic cylinders [https://en.wikipedia.org/wiki/Hydraulic_cylinder] are also notorious high-power transmissions. Now in a saline environment, what is the lost durable / affordable option? This choice will completely condition the design and price tag of Protei.
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https://drive.google.com/open?id=1Y-qcbQKbdDvx1XoAAARJH7uynBbsZM_pbzo7CkoZH0k






3. Self sufficiency

One aspect is to recover from unfavourable situations: such as grounding, capsizing, entanglement


3.1. Capsizing & Self-righting

Too high winds and unfavourable waves can cause the boat to roll over. the weight of water distributed over the length of the mast can over power the momentum of the keel and the boat may be out of action.
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https://drive.google.com/open?id=1DDKujX5z4myzOMr8dn0uo9nt0Q5Ti7ojXyLZAHw6ueY




3.2. Grounding

A lot of the stability of the vessels depends on its cross-section.

[image: 1]

https://drive.google.com/open?id=1gSescCIlX7uwsFftcHb2OrLFyEK4KGgmGBiQnwYfzOk




3.3. Distribution of Mass




3.4. Entanglement




3.5 Emergency procedures for the sail

[image: 1]

https://drive.google.com/open?id=1huUyB8xKob20dyHIEjB9O6TZ51NXPgsaCRVWlgOKHEs

Points for discussion:


	As well as being an emergency procedure this can also be a control procedure allowing the sail area to be set according to the most efficient use of wind conditions in relation to power requirements and vessel stability.  This may help guide us in selection from the list provided above, that is the one that both effectively reefs the sail completely in an emergency situation but still gives graduated control of the sailing surface.  From that perspective F and G appears good candidates.








4. Durability

Another challenge is to simply sustain the strain of the ocean environment without human supervision.

Peak forces due to sailing maneuvers

Repetetive strain from constantly changing forces due to wave motion, changing winds and sailing maneuvers. This can cause fatigue and eventual failure.

Hull damage due to collision and debris. Able to absorb damage or in worse case limit the effect of the damage (redundancy/compartimentalized etc)


4.1. Materials






5. Ease of manufacturing


	Make a desing simple enough to be easy replicable.

	Keep construction principles/materials simple.

	Depend on good design rather than good craftmanship -



Some thoughts on the idea of an articulated hull (Henrik):
non rigid hull necessary to articulate a hull
rigid hull necessary to absorb to balance the forces from the sailing rig and the lateral reaction forces from the hull.

[image: 7]
https://drive.google.com/open?id=1eeD7ejbg0KHxJ4k7lcKUKURoAaZnZzJyeflZaBbdhn8 (very naive sketch, feel free to edit).

Either the hull has some rigidity to resist the forces of the rig/hull passively, that means the actuator mechanism will have to provide force to deform the hull.
Or the hull has minimum riditiy and the actuator structure has to bear the load of keeping the hull straight.
See red lines in the sketch above.
The tricky thing is that the dimensions and magnitudes forces of a sailing boat do not scale linearly with length of the boat (L), sail area scales with L^2, while volume scales around L^3. (see https://drive.google.com/open?id=0B5QWgiBp8UaZTkhjYVNZZDVBdUU page 11-12 (Main dimensions). So what seems feasible in terms of actuator power on a 1/10 scale model might need to be 100-1000 times more on a 1/1 scale model.

Can the actuator sustain the constant changing forces applied to it without failing prematurely?
Can we balance the hull resistance(keel shape/positions) with the forces from the sailing rig to reduce the moment on the hull is reduced?
Can we design a articulated hull that is robust enough to sustain a longer ocean trip, fatigue due to repetetive forces is often a source of failure in a sailing boat, and an articulated hull will inevitably add complexity/new sources of failure to the design.

Maybe most important questions: What are the benefits of an articulated hull?


	Better steering ? - possible, but will it be so much better that it outweighs all the disadvantages it brings?

	Able to catch wind two ways during tack ? - Questionable, sails will shadow each other unless they are spaced far away from each other.



Some old sketches_random (sebastian):
look at the boom to be the hull, and several independent sails as drive units.

[image: 1]
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6. A new thought about the tow point of the long heavy tail (by Qiuyang)

Just an idea, I don’ know if you considered this before or not, feel free to edit&comment

From my point of view, the difficulty for Protei is the maneuver ability when a heavy and long boom has been attached to the stern of the
boat. It is known that the boom will add huge rotating inertial on the boat, thus it is difficult to tack or jib.

What I am thinking is to put the point of the tow force at the inertial axis of the boat. Then the drag force commits ZERO rotate torque to the boat when the boat starts to tack. (Of course the drag force is still there) . Check the  follow diagram.

[image: 1]

(https://docs0.google.com/drawings/d/15jdJ2nbRMfcjP-DIKxTp_3NOeVsslZEgoM2cRgLptB8/edit)

The boat can rotate around the red frame when tacking, which means when tacking, the boat turn first to catch the wind as fast as possible (not influenced by the tail, the tail still move to its original direction). As the boat moves out of the NO-GO zone, the pulling force can be assured the then the tail will turn progressively.

Theoretically the drag force from the boom will not influence the rotate inertial if we can find the inertial axis exactly.  In practice  this is impossible, but move the point of drag force closer to the inertial axis will definitely decrease the added inertial.




Notes


Previous Comments

Cesar Harada May 7, 2011
I 100% agree with the recent Qiuyang about the point where the boom should be pulled from : not at the stern but closer to the mast, where it will apply no resistance to the steering of the boat. That’s a point Etienne was also doing, and that should be integrated in further designs.

Etienne Gernez May 1, 2011


	My father Joe, proud sponsor of Protei is introducing us to free standing masts: http://www.sponbergyachtdesign.com/WBHMasts.htm
I like this windusrf/traditional tahitian design
The mast itself has a wing section, and the sail work as a wing flap. The mast is rotating around the vertical axis. The emergency procedure for the sail in that case is to release the sail sheet, so that the sail and the mast align with the inflow in order to stall (see http://en.wikipedia.org/wiki/Stall_(flight) ). Free standing mast means no shrouds.

	On the same yacht design website, see the naval architects ratios on sail area p 19 http://www.sponbergyachtdesign.com/THE%20DESIGN%20RATIOS.pdf

	Finally, an article of the recycling of sail boats - to feed the reflexion on the choice and use of materials for Protei http://www.sponbergyachtdesign.com/RECYCLING%20DEAD%20BOATS.pdf



Tim Time is up Apr 24, 2011
Some comments in Sail and Rigging Design.
Reading Tom Cunliffe’s “Hand Reef and Steer” p15 I found the comment: “The overriding advantage of Gaff Rig against Bermudan is that as soon as the sheets are eased and the true wind moves beyond 60 degrees from the bow, gaff is more powerful.”
Since we are interested in power rather than speed, and are not trying to point high, but traverse across the oil slick perpendicular to the wind, we can use this as an indication that gaff rig is possibly optimal. I imagine that perhaps a junk rig might be even better (simpler to make, more robust, more aesthetic) for our situation.

Cesar Harada Apr 24, 2011
You also want to check out : http://protei.org/download/20110417Principles%20of%20yacht%20design%20-%20Larsson,%20Eliasson.pdf
This amazing book has most references you’d ever want as a stater to Naval Architecture. Must have.

Cesar Harada Apr 24, 2011
hey, might be an interesting infomation for the design group too : How does a long flexible object behaves at sea ?
I just added 3 Pdf’s at the bottom of https://sites.google.com/a/opensailing.net/protei/v/006/mathematical-model about the Anaconda - a long tube that converts the mechanical energy of waves into electricity. Also a Pdf about Dracone : immense flexible rubber bag to contain liquids at sea. Enjoy!

Etienne Gernez Apr 21, 2011
Hi dear all! Please have a read at the Math Model page, where we have some questions for you Mechanical people:

Can the ship be modeled independently from the boom?
Quiyang: find the main descriptive parameters of the boom resistance to apply it to Protei
–> test in real conditions, with a motor boat + dynamometer. for september.
–> task for the mechanical /evaluation group

Can we validate the articulated hull option with the Math model?
NO!
We need a mechanical model for that.
objective: to validate the assumption “the pulling force is constant with an articulated hull”
The question is:
will there be a “shadowing” of the sails?
–> the two sails should have two different NO GO zones, which are not overlapping
will the hull resistance increase when the body is distorted?
–> task for the mechanical group

Unknown Apr 15, 2011
Integrating locomotion and power generation may be a fruitful line of investigation. Additionally dual (or more) forms of driving the craft could be given some consideration, maintaining propulsive force when the wind drops to zero but there is still a degree of swell for instance. In this sense I’m suggesting a hybrid vehicle that sails when there’s wind and uses wave power when there’s not.




Notes from 07062011

HULL DESIGN IDEAS:


	Multiple rigid segments, with joints in between

	Difference is in how the joints are constructed and actuated

	Actuating with electric motors
	#1: Rigid segments connected by solid pivoting linkage

	#2: Rigid segments connected by fixed flexible linkage





	Actuating with hydraulics
	#3: Bladders between linkages

	#4: Hydraulic/pneumatic cylinders to actuate







HULL DESIGN IDEAS:
o “External” cable pulled articulation
- Single, very powerful, motor
+ What power is required to articulate it?
+ How does this power scale with size?
- More a theoretical question, could not be answered with prototype.
+ How robust is the cable mechanism?

o “Internal” cable pulled articulation
- Multiple, less powerful (but still pretty powerful), motors
+ What power is required to articulate it?
+ How does this power scale with size? (More theoretical question)
+ How simple can the cable mechanism be?

o Hydraulic bladder based articulation
- Single pump, multiple valves, two bladders for each articulation
+ How fast can we move water from one bladder to the other?
+ Can the pump work effectively without an intermediary water tank?
- The prototype would have to be large enough that we can actually test speed.

o “Flexible” cable pulled articulation
- Simpler
+ What material can we make the

GENERAL QUESTIONS:


	How many articulations do we need to get good movement?

	How do we determine which of these designs will be the most workable?
	What can we test with a prototype?

	What are the questions that we can ask?







SAIL DESIGN:


	Will we have as many options?



PROTOTYPING IDEAS:


	Prototype could use rubbermaid-style tubs for the articulation sections.
Plastic, easy to work with/manipulate.

	For the bags, we could maybe use ???
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	Goal [https://github.com/Scoutbots/Protei/wiki/07.0_Vertabrate_Sneel#goal]

	Specifications [https://github.com/Scoutbots/Protei/wiki/07.0_Vertabrate_Sneel#specifications]

	Technical Drawing [https://github.com/Scoutbots/Protei/wiki/07.0_Vertabrate_Sneel#technical-drawing]

	Pictures [https://github.com/Scoutbots/Protei/wiki/07.0_Vertabrate_Sneel#pictures]

	Video [https://github.com/Scoutbots/Protei/wiki/07.0_Vertabrate_Sneel#video]

	Observation [https://github.com/Scoutbots/Protei/wiki/07.0_Vertabrate_Sneel#observation]

	Evaluation [https://github.com/Scoutbots/Protei/wiki/07.0_Vertabrate_Sneel#evaluation]

	Next Step [https://github.com/Scoutbots/Protei/wiki/07.0_Vertabrate_Sneel#next-step]




Goal




Specifications

Full instructions and specs on Instructables for Protei_07.0 [http://www.instructables.com/id/PROTEI007/] and for Sneel_003 [http://www.instructables.com/id/Make-a-swimming-Robo-Snake/]

Sneel on Gabriella Levine’s website [http://gabriellalevine.com/SNEEL]




Technical Drawing




Pictures

07.0A: Vertebrate
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Cesar HARADA, contact@cesarharada.com
Guillaume DUPONT, guillaume@scoutbots.com
Kwanyuk Agnes CHAN, agnes@scoutbots.com






	Goal [https://github.com/Scoutbots/Protei/wiki/10.6.4_Rationale#goal]

	Specifications [https://github.com/Scoutbots/Protei/wiki/10.6.4_Rationale#specifications]

	Technical [https://github.com/Scoutbots/Protei/wiki/10.6.4_Rationale#technical]

	Pictures [https://github.com/Scoutbots/Protei/wiki/10.6.4_Rationale#pictures]

	Video [https://github.com/Scoutbots/Protei/wiki/10.6.4_Rationale#video]

	Observation [https://github.com/Scoutbots/Protei/wiki/10.6.4_Rationale#observation]

	Evaluation [https://github.com/Scoutbots/Protei/wiki/10.6.4_Rationale#evaluation]

	Next Step [https://github.com/Scoutbots/Protei/wiki/10.6.4_Rationale#next-step]




Goal




Specifications

Weights


	Total weight : 8.5 Kg

	Sail (including mast and boom) :275.5 Gr

	Control box : 344.5 Gr

	Hull (without ballast) : 3.56 Kg

	Ballast (lead) : 2.468 * 2 = 4.94 Kg






Technical




Pictures
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Video [https://www.youtube.com/watch?v=xU_JIrQS6SQ]
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	Goal [https://github.com/Scoutbots/Protei/wiki/11.2_Cardboard#goal]

	Specifications [https://github.com/Scoutbots/Protei/wiki/11.2_Cardboard#specifications]

	Technical [https://github.com/Scoutbots/Protei/wiki/11.2_Cardboard#technical]

	Pictures [https://github.com/Scoutbots/Protei/wiki/11.2_Cardboard#pictures]

	Video [https://github.com/Scoutbots/Protei/wiki/11.2_Cardboard#video]

	Observation [https://github.com/Scoutbots/Protei/wiki/11.2_Cardboard#observation]

	Evaluation [https://github.com/Scoutbots/Protei/wiki/11.2_Cardboard#evaluation]

	Next Step [https://github.com/Scoutbots/Protei/wiki/11.2_Cardboard#next-step]




Goal

Protei Cardboard was simply a preparatory model for Protei Sputnik 12.0.

Special thanks to Autodesk Foundation [http://www.autodesk.org/], Pier 9 [http://www.autodesk.com/artist-in-residence/home] and Instructables [http://www.instructables.com/].




Specifications

More information can be found on its Instructables [http://www.instructables.com/id/Protei-Cardboard-Model/].




Technical




Pictures
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Video




Observation




Evaluation




Next Step

See Protei-12.0 [https://github.com/Scoutbots/Protei/wiki/12.0_Sputnik]
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Ricky SZETO ricky@scoutbots.com






	Goal [https://github.com/Scoutbots/Protei/wiki/10.6.3_Dinosaurs#goal]

	Specifications [https://github.com/Scoutbots/Protei/wiki/10.6.3_Dinosaurs#specifications]

	Technical [https://github.com/Scoutbots/Protei/wiki/10.6.3_Dinosaurs#technical]

	Pictures [https://github.com/Scoutbots/Protei/wiki/10.6.3_Dinosaurs#pictures]

	Video [https://github.com/Scoutbots/Protei/wiki/10.6.3_Dinosaurs#video]

	Observation [https://github.com/Scoutbots/Protei/wiki/10.6.3_Dinosaurs#observation]

	Evaluation [https://github.com/Scoutbots/Protei/wiki/10.6.3_Dinosaurs#evaluation]

	Next Step [https://github.com/Scoutbots/Protei/wiki/10.6.3_Dinosaurs#next-step]




Goal




Specifications




Technical

The concept of this prototype is imitating the shape of fish skeleton but at the same time add the value of streamline shape.

I use PE foam for the hull since it is easy to be shaped. Bearing were added in the control system in order to reduce the friction of cable during sliding.

The prototype is not finished because of the lack of time. Weak frame is the main problem in this prototype. I try to change the shape of the frame and centreboard in order to reduce the hardness of frame and let the hull shift easily. But the result is the more flexible of hull, the more difficult of control. Another problem of the flexible frame is the boat would be influenced by the current easily in the water.

Calculation should be done before model making as i found the position of gearbox and bearing are wrong. Also, the bending performance were bad as well. More preparation should be done in next time




Pictures




Video




Observation




Evaluation




Next Step

See Protei-10.6.4 [https://github.com/Scoutbots/Protei/wiki/10.6.4_Rationale]
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  <img src=”https://farm8.staticflickr.com/7073/13579756303_fbedaca0e1_z.jpg width = “500px”>

Cesar HARADA, contact@cesarharada.com
Guillaume DUPONT, guillaume@scoutbots.com
Kwanyuk Agnes CHAN, agnes@scoutbots.com
Ricky LongMing SZETO






	Goal [https://github.com/Scoutbots/Protei/wiki/10.9_Mini_Cargo#goal]

	Specifications [https://github.com/Scoutbots/Protei/wiki/10.9_Mini_Cargo#specifications]

	Technical [https://github.com/Scoutbots/Protei/wiki/10.9_Mini_Cargo#technical]

	Pictures [https://github.com/Scoutbots/Protei/wiki/10.9_Mini_Cargo#pictures]

	Video [https://github.com/Scoutbots/Protei/wiki/10.9_Mini_Cargo#video]

	Observation [https://github.com/Scoutbots/Protei/wiki/10.9_Mini_Cargo#observation]

	Evaluation [https://github.com/Scoutbots/Protei/wiki/10.9_Mini_Cargo#evaluation]

	Next Step [https://github.com/Scoutbots/Protei/wiki/10.9_Mini_Cargo#next-step]




Goal

Protei 010.9 Mini cargo was our second attempt to build a machine that is truly modular. We tested in Stanley Beach, Hong Kong. The wind was moderate and half way through the test it started raining. A dog attacked the boat with a good bite, he loved it so much! After about 45 minutes of sailing the motors started to act funny. The overall test was successful even if the manoeuvrability of the boat was limited while using only the bow of the boat.




Specifications


Dimensions, Weights, Materials

Almost identical to Protei Rationale

Dimensions


	Length : 107cm

	Width : 18cm

	Height :125cm



Weight


	Total weight : 8.5 Kg

	Sail (including mast and boom) :275.5 Gr

	Control box : 344.5 Gr

	Hull (without ballast) : 3.56 Kg

	Ballast (lead) : 2.468 * 2 = 4.94 Kg



Materials


	Hull : EVA foam

	Structure : Acrylic clear

	Mast & Boom : Aluminium

	Sail : Polycarbonate

	Remote controller : FS Sky. FS-GT3C

	Receiver : FS Sky, FS-GR3E (3 channels)

	Servomotors x 2 : Towerpro MG95 Digi HiSpeed)

	Power in boat : 4 AA battery (1.5V each, standard

	Rope : Dyneema 127 kg

	Plastic ties : nylon

	Rigging : Stainless steel

	Rivet : Aluminium








Technical




Pictures

<img src=”https://farm4.staticflickr.com/3677/13579656103_b09d22992e_t.jpg width = “500px”>
<img src=”https://farm4.staticflickr.com/3790/13579979764_b21831bb0a_t.jpg width = “500px”>
<img src=”https://farm4.staticflickr.com/3744/13579661443_79d2e09d67_t.jpg width = “500px”>
<img src=”https://farm4.staticflickr.com/3812/13579982314_94ff1bce5b_t.jpg width = “500px”>
<img src=”https://farm4.staticflickr.com/3796/13579756493_6af5f5c03f_t.jpg width = “500px”>

Current location

Seeeds Studio, F5, Bldg 8, Shiling Industrial Park, Xinwei, #32 Tongsha Road, Xili Town, Nanshan Dist. Shenzhen 518055 China

<img src=”https://farm8.staticflickr.com/7157/13533544603_3ed3f2fed2_z.jpg width = “500px”>




Video




Observation




Evaluation




Next Step

See Protei-11.0 [https://github.com/Scoutbots/Protei/wiki/11.0_Optimist]
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Cesar HARADA, contact@cesarharada.com
Guillaume DUPONT, guillaume@scoutbots.com
Kwanyuk Agnes CHAN, agnes@scoutbots.com
Ricky SZETO ricky@scoutbots.com






	Goal [https://github.com/Scoutbots/Protei/wiki/10.6.1_Crazy_man#goal]

	Specifications [https://github.com/Scoutbots/Protei/wiki/10.6.1_Crazy_man#specifications]

	Technical [https://github.com/Scoutbots/Protei/wiki/10.6.1_Crazy_man#technical]

	Pictures [https://github.com/Scoutbots/Protei/wiki/10.6.1_Crazy_man#pictures]

	Video [https://github.com/Scoutbots/Protei/wiki/10.6.1_Crazy_man#video]

	Observation [https://github.com/Scoutbots/Protei/wiki/10.6.1_Crazy_man#observation]

	Evaluation [https://github.com/Scoutbots/Protei/wiki/10.6.1_Crazy_man#evaluation]

	Next Step [https://github.com/Scoutbots/Protei/wiki/10.6.1_Crazy_man#next-step]




Goal




Specifications

Materials

We use some different materials for the boat. The hull and the gearbox are made in fiberglass with polyester resin. The top for gearbox is in 5mm plywood and the hull is made of flexible EVA foam (Ethylene-vinyl acetate). The scales are glued on the foam are made of sheet of polycarbonate. Finally, the mast is a aluminium tube of 13 mm diameter and the sails are in polycarbonate.

Weight


	Total weight : 4.1 Kg

	Sail (including mast and boom) : 260 Gr

	Control box : 210 Gr

	Hull + Ballast : 3.63 Kg (approx)

	Hull (without ballast) : 1.162 Kg

	Ballast (lead) : 2.468 Kg






Technical


	Internal control box (10.5.7)

	Remote controller : FS Sky. FS-GT3C

	Receiver : FS Sky, FS-GR3E (3 channels)

	Servomotors x 2 : Towerpro MG95 Digi HiSpeed)

	Power in boat : 4 AA battery (1.5V each, standard



In this version, the gearbox is combined to the cabin in order to reduce the size of cabin and the weight of the whole boat.Previous control system was used - one motor for sail control and one for the hull control.

The performance of the system is fair in this boat as the range of hull shifting is not large.Since the power of motor is limited the long hull resulted in control difficulty.




Pictures

[image: 2]
[image: 3]
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Video




Observation

We tested “Crazy man” in the pier of Tsuen Wan West in very light conditions (2-5 knots) and with a current quite strong (0,5 knots) in the same direction as the wind. In spite of these conditions, the boat sailed easily and against the wind. There was no wind close to the shore and a little bit more in the center of the channel. The boat was able to tack and to jib. Nevertheless, it is hard to say if the scales we put on the hull significantly improved the performance.


Test report


	Wind condition : Average 2.5m / sec. Gusts at 5m / sec.

	Current condition : .5 to 1 knots, really little wind this day

	Wave height : max 10 cm, not much waves



Overall


	Successful, the boats sailed easily and against the wind despite the light wind condition

	Wind conditions were very light, no wind close to the shore, a little bit more in the channel

	Little waves

	Current was quite strong in the same direction of the wind

	Protei “Crazy man” can tack - and is good manoeuvrable

	It is hard to say if the scales are good for the performance

	“Crazy man” is lighter and more hydrodynamic than “Birthday” (500 Gr), nevertheless it is hard to say if it is faster owing to the light conditions



Hull


	Fiberglass spine works well ! 2 layers or regular 300gr / m2, bidirectional.

	10 layers in the middle for the keel and two for the box containing the electronics.

	Trapezoid shape hull was good for bending - but no so good for hydrodynamics as here is still too much water turbulences between sections (the section angles are way too big, about 40º degrees)

	The floatation line of “crazy man” seems good. Although light wind conditions did not allow the boat to heel much

	The hull is not curving enough

	The DIY cable guides are not very stable

	The hull is more modular than Birthday, but not quite enough yet.

	The scales in the hull maybe is one of the factor let the b oat work well

	Silicon sealant is not good adhesive to join the foam and the polycarbonate. Some of the scales peeled off after testing)



Ballast


	hydodynamic

	The weight of the ballast is good for this boat as it provides a powerful righting moment.

	Motor and control system (Hull & Sail)

	The sail and hull control range are not wide enough.

	Not powerful enough for this length of boat. We need to build a smaller boat, that has more control. We previously abandoned the idea of speed control.

	Cable guides is not stable



Motor and control system (Hull & Sail)


	The sail and hull control range are not wide enough.

	Not powerful enough for this length of boat. We need to build a smaller boat, that has more control. We previously abandoned the idea of speed control.

	Cable guides is not stable



Sail


	Bright orange sail is well visible and safe. As we are sailing / testing in the busy Hong Kong Waters, this is very important.

	The big sail work well in the light wind condition

	The 0.5 mm PC sheet is good for making sail

	The windvane was giving us a good information about direction or strength

	Sails area is good for this wind

	The wood boom added for the jib is good for controlling the flexibility,but it is not stable



Control Box


	The control box is not easy to open.

	Too many screws. It takes a lot of time to open it

	The silicon sealant is good for waterproofing








Evaluation


Previous Actions Validation on Protei “Crazy Man”


	OK : We need to add a piece of audio tape on the top of the mast to know the wind direction and speed

	OK : Boat is needs to be lighter, reduce weight

	Not really improved : Make a hull that curves more

	OK : Minimize the space between the section to minimize turbulences : scales. We used scales, however, we do not know if that significantly enhanced performances.

	OK : Increase buoyancy

	OK : find a solution to not have some water into the wooden box. No leak. But it was a lot of work to put the 8 screws on the deck + silicon joint.

	NO : find other materials which is possible to make the mast and boom

	OK : find a solution to adjust easier the ropes for curving the hull. The holesin the spine are a good idea.

	OK : make guides for lines on the deck

	OK : make one box and not a wooden box + a plastic box for motors and electronics

	NO : put a switch and a light for the box

	NO : find llightweight fabric

	NO : make the hull modular






Future Actions


	Build the boat smaller.

	Make the boat stronger

	Make a hull that curves more, in a controllable fashion

	Carbon mast and boom

	Put a switch and a light for the box

	Find llight weight fabric

	Make the hull modular

	Would be good even lighter

	Make a simpler system to close the box

	Find a better materials for the mast & Boom (Carbon rods)

	Make the cable attachments not on the spine (in the center) but on the outside shell of the hull (to increase torque on the spine)

	Make it look more beautiful, attractive

	Make it easy to manufacture, in a chain

	Make it easy to transport

	Make it easy to extend

	Create a location a camera above water

	Create a location a camera under water

	Add connectors for sensors above water

	Add connectors for sensors under water

	How do we package it

	Lights (LEDs for night sailing)

	Easy to disassemble and store

	Easy to disassemble and recycle

	Reduce manufacturing time

	Reduce manufacturing cost (smart use of materials)








Next Step

See Protei-10.6.2 [https://github.com/Scoutbots/Protei/wiki/10.6.2_Pop_Corn]
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Goal

The power system for the Protei 006 will be more complicated then the previous versions. If the goal is to achieve some level of autonomous system, a reliable power structure will be needed. One possible solution is solar power and batteries. For this to work several details will need to be defined and specific components will need to be selected that match the needs of this new Protei.




Power Storage

Their are a wide range of battery options available, each with their own pros and cons. Cost is one of the major limiting factors, but weight will also be a concern. It will be vital to keep the weight down for this entire project. The protei will be more powerful if we keep it light. Additionally, some batteries have special charging requirements that make them more complicated to work with.

| |      Lead acid |     NiMh   | Lithium Ion|
| — | — | — | — |
| Energy density    | 30 Wh/kg  | 200 Wh/kg | 300 Wh/kg |
| Power density | 180 W/kg  | 300 W/kg  | 300 W/kg |
| Cost for 120 Wh battery pack | (~12V/10Ah)    | $18   | $100  | $150 |
| Max. discharge rate of 120Wh battery pack | 200A  | 30A   | 10A |

The table above summarizes some of these pros and cons and the tradeoffs that will have to be made. Important design parameters to determine now are: What is the typical, and maximum current draw of Protei? and What is our energy storage requirement?

Additional factors that will influence our decision: Lead acid and NiMH batteries are much simpler to charge than Lithium Ion, and especially with Lead acid, you can get away with being much less “careful” about how they are charged. For a prototype, weight might be less of an issue than in the final version.

NiMH seems to be a good compromise between weight, cost, and ease of use.




Power Generation:

Solar Cells:
In order for the Protei to continue to run for extended lengths of time (days, weeks, maybe months) it will need a way to recharge the power. Solar cells seem to be the simplest solution.

Thin Film Photovoltaics may be another option, offering the opportunity to provide a shape conforming skin to the finished vehicle that generates a charging current.

http://www.nrel.gov/pv/thin_film/about.html

What is the average power consumption? This will be a key determining factor when deciding how many solar cells we need. We will need to calculate an estimate of the power that will used. The motors, control system, communications, guidance and any other electronics will need to me measured. It is also a good idea to build in a Factor of Safety (FOS), this is a margin for errors. If we estimate that we need 80 watts a day, we should plan to generate 100 watts. This would have a FOS of 1.25.

How many solar cells do we need? With a good estimate of the power consumptions, we can decide on how much power we need to generate. This is limited by the physical space available. The solar cells can not be too large or we will not have anywhere to put them and they will add weight. How many hours of sunlight are available will need to be investigated? Cloudy days and adverse weather will play a part as well.

Wind Turbine: many conventional sailboat are equipped with wind turbines. In addition of the energy efficiency and lower price, other factors to take into account are : local resources where the machine will be operating. deck space (can we fit the turbine, does it change the balance, does it affect the dynamic behavior of the vessel?), durability [http://www.boatdesign.net/forums/stability/wind-turbine-solar-panels-26126.html], waterproofness, cost/watt, long-term maintenance, legal aspect (is it legal to have a wind turbine on an unmanned surface vessel?). What is specially interesting with wind power : in heavy winds we’ll need more electricity to power our motors, the production of a wind turbine would match that change in the demand and guarantee control in worst times. Durability of a wind turbine is probably the biggest concern.

Wind turbines allow the same amount of power generated in a much smaller area. However, moving parts and difficulty to waterproof will make installing wind turbines much more difficult than solar. Perhaps this could be mitigated to some extent with Vertical Axis Wind Turbines, but even then, moving parts = failure points. With these considerations, my opinion is that solar power is the best choice for Protei. - Logan

Hybrid power: for many reasons, it makes great sense to have both solar and wind power generation on board. Redundancy. Redundancy. The weather conditions are changing constantly. Just think about a storm at night - you need your wind turbine to fill up. Think about long sunny days with a weak wind : you need your solar panel.
Some functions are more vital than others (GPS locating, distress signal handler, self-inflation...) and may require a separate electric system. We may need hybrid power [https://en.wikipedia.org/wiki/Stand-alone_power_system].

Conserve Power:
Another key part of the power system will be conserving power whenever possible. Most electronics have a sleep mode. The more power we can save the cheaper and lighter the system will become. Will the Protei sail during the night? If not can it power down and conserve energy. What will happen if the system is low on power? A reserve mode can be programmed to limit power usage to only the essential systems. Perhaps only to communications, the Protei can be found. This could happen if there are several days without much sunlight, or if part of the solar cells become covered with debris or oil. The system can save power, wait until better conditions, and then continue working.

Wave power?
See for example the Salter´s duck - invented at the University of Edinburgh by prof Steven Salters.

Hydroturbine?
See for example DUOGEN




Power System:

The overall power system should be designed to be flexible and scalable, so that new Protei versions do not need new power systems. Here is my initial design for a power system. Note that thick arrows are power transfer, and thin dashed arrows are data transfer.

[image: 1]

The Arduino based MPPT controller would be based off of Tim Nolan’s design, with several modifications: components chosen so that adequate current can flow; sensors that allow the power consumption of the load to be measured; modification to the firmware so that it can charge NiMH batteries with the ∆V method.

Since the battery will be connected to a load while it is charging, the modification is slightly more complicated. The current software has four states: ON, BULK, FLOAT, OFF. To modify this, there will be a second state parameter, CHARGE, and DRAIN. We are in CHARGE when I_load < I_total. When I_load > I_total, we are in DRAIN (draining the battery). In CHARGE mode, we can be in ON, BULK, FLOAT, or OFF, depending on load levels and on power output from the solar panel. in DRAIN mode, we can be in ON, BULK, or OFF, depending on power output from solar panel. Only in CHARGE mode do we do ∆V checking — otherwise, the battery is not actually being charged.

I_load is the total power going to onboard electrical devices. I_total is the total power coming out of the buck converter. The power drawn from the battery is not measured, but can be calculated by I_load - I_total.

Since most of this would be software, it provides many opportunities for increasing efficiency – for example, when the MCU heard from the power controller that the Solar panel power was dropping, it could disable certain electronics on the Protei to reduce its power demand.

Here is a first guess at what components would work:


	Solar panel:
	10W, 18V, flexible, water proof, $46: http://www.aliexpress.com/product-gs/363222521-Monocrystalline-Flexible-Solar-Panel-10W-18V-wholesalers.html

	10W might not be enough. 50W is $221: http://cgi.ebay.nl/50W-Mono-Flexible-solar-panel-for-Car-Boat-can-walk-sit_W0QQitemZ270755157432QQcategoryZ41981QQcmdZViewItem?clk_rvr_id=236473517124 This one also ships from the UK which is much nicer than shipping from China

	List of European partners with UNI-SOLAR (US company that manufactures flexible laminate solar panels)





	Battery
	NiMH, 12V, 10Ah, 120Wh, $100: http://www.batteryspace.com





	Power Controller:
	Arduino: $25

	Components for MPPT Buck converter: $30 (guesstimate, I haven’t sourced everything yet)







Basic system total cost (just the battery): $100


	With 10W solar panel: $201

	With 50W solar panel: $376



At this point, the most important consideration are the points that are mentioned above, in the battery section, essentially, how much power do we need? I think that the electronics onboard (communication, MCUs, etc) will consume <3W, with radio and GPS and everything running at full power. Therefore, the most important consideration must be the power consumption of the motors. Most 12V winches available (this is what is on the main Protei v6 page consume far more than the amount of current (10A), assumed to be maximum in the above. The smallest winches I could find in a Google search consumed 12-20A. I think we should determine exactly how powerful a motor is necessary to accomplish the mechanical tasks we need.


	Logan
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Specifications


	Dimensions
	Total length : 74 cm

	Total Hull height : 51 cm

	Total mast height : 86.5 cm

	Area of main sail : 1356.25 cm2

	Area of jib : 858 cm2





	Weight
	Total weight 7.25 Kg

	Sail (including mast and boom) : 231.5 Gr

	Control box : 696 Gr

	Hull + Ballast : 6.5 Kg (approx)

	Hull (without ballast) : 3.5 Kg

	Ballast (lead) 2.954.7 Kg





	Electronics
	Remote controller : FS Sky. FS-GT3C

	Receiver : FS Sky, FS-GR3E (3 channels)

	Servomotors : ?

	Power in boat : 4 AA battery (1.5V each, standard)










Technical Drawing




Pictures
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Video




Observation


Test report


	Wind condition : 8 knots gusts, mostly no wind

	Current condition : .5 to 1 knots

	Wave height : max 20 cm, high frequency, disorganised 3d waves








Evaluation


Overall


	Not very successful. Irregular low wind conditions. Test got disturbed by ferries.

	The boat is hard to maneuver and recover, pull off the water / carry around

	The currents were often faster than how much the boat could sail, we had little control

	The boat is tough, we launched in the water by throwing it 3 meters above water, without damage.

	The electronics remained perfectly dried

	We forgot the batteries (4AA 1.5V) and we could buy a set of batteries at the corner shop - that’s a very convenient battery pack.

	The boat was a little too big to take around in public transportation (Hong Kong MTR)






Hull


	The hull does not curve enough (max 25 degrees)

	There is too much water turbulences between the sections

	Too much buoyancy

	The hull is not hydrodynamic enough

	The boat bows down into the water






Ballast


	Not hydrodynamic, needs better penetration in water

	Motor (Hull & Sail)

	The amplitude of both hull and sails are too small.






Sail


	Sail is too small for low wind condition








Next Step


Actions for next prototype


	We need to add a piece of audio tape on the top of the mast to know the wind direction and speed

	Boat is needs to be lighter, reduce weight

	Design a ballast that penetrates water better

	Make a hull that curves more

	Avoid space between the section to minimize turbulences

	Reduce buoyancy

	Augment amplitude of hull curving and sail sheeting

	Sharper bow, sharper stern (hull)

	Balance buoyancy front and back

	Add handles to recover and carry around



See Protei-10.5.7 [https://github.com/Scoutbots/Protei/wiki/10.5.7_Birthday_and_Classic]
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Goal

Protei Mini-RC “Sputnik” is a remotely controlled (radio) modular sailing robot. The design is aimed at being easy to make in most makerspace, low cost, easily extendable. This is NOT a high-performance device and not fit for long-term navigation in the open ocean. This is a small prototype to get acquainted with Protei Shape-Shifting sailing technology, and a fun platform to experiment. If you already own a RC kit (receiver + transmitter) Protei Mini-RC “Sputnik” with 4 modules should definitely cost under 100 USD to build (in San Fra